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I V
E L E C T R O N  M IC R O SC O PIC A L AND H ISTO CH EM ICA L STUDIES 
ON THE A L V E O L A R -C A P IL L A R Y  M E M B R A N E  IN ACQUIRED 
AND CONGENITAL H E A R T  DISEASE
C H A P T E R  I 
INTRODUCTION
A f te r  two h u n d re d  y e a r s  of in c o n c lu s iv e  f ind ings  a t  the  l igh t m i ­
c r o s c o p ic  le v e l ,  it  h a s  b een  e s ta b l i s h e d  by e le c t r o n  m ic r o s c o p ic  t e c h ­
n iq u e s ,  th a t  th e  lung d o es  h ave  a  co n tin u o u s  a lv e o la r  l in ing  e p i th e l iu m  
(Low and D a n ie ls ,  1952; L ow , 1953, 1953a, 1954, 1961; I ta g i ,  1955; 
K a r r e r ,  1956, 1956a, 1956b, 1958, I960; van  B r e e m a n  and N e u s te in ,  
1956; de G ro o d t ,  L a g u e s s e ,  and S e b r u y n s , 1958; B a k e r ,  1959; S chu lz ,
1959, 1962; W atso n  and  V a le n t in e ,  1959: K is c h ,  I960 , 1960a; P o l i c a r d ,  
C o l le t ,  and  M a r t in ,  1961; D iv e r t i e  and B ro w n , 1964; N a g a is h i ,  O kada, 
I sh ik o ,  and  D aido , 1964; van  B r e e m a n ,  1965).
The s e p ta l  w a l l  o r  th e  a l v e o l a r - c a p i l l a r y  m e m b r a n e  h a s  b e e n  a 
s u b je c t  of m u c h  d i s a g r e e m e n t  a s  to  the  n u m b e r  and  e x a c t  n a tu re  and 
c o m p o s i t io n  of the  l a y e r s  w h ich  c o n s t i tu te  th e  w a ll .  T he  d a ta  th a t  have  
b e en  a c c u m u la te d  te n d  to  be con fus ing  due in  g r e a t  p a r t  to  m is u s e d  
t e rm in o lo g y  and  in t e r p r e t a t i o n  of t i s s u e  c o m p o n e n ts .  T he  i n t e r p r e t a -
1
t io n  g iven  by Low  (1961) h a s  b e e n  s u b s ta n t ia te d  by m o s t  w o r k e r s  and 
it  h a s  p ro v e d  to  be the  m o s t  m e an in g fu l  in  th is  s tudy.
I t  w as  su g g e s te d  in 1936, by P a r k e r  and  W e is s  th a t  m an y  of 
the  fun c tio n a l  o b s e r v a t io n s  an d  c l in ic a l  f ind ings in  m i t r a l  s te n o s is  
could  be c o r r e l a t e d  w ith  m o rp h o lo g ic a l  f ind ings  on g r o s s  and  l ig h t  m i ­
c ro s c o p ic  m a te r i a l .  Indeed , B u cc i  and  Cook (1961) d e m o n s t r a t e d  a  d e ­
c r e a s e d  d iffus ing  c a p a c i ty  of th e  p u lm o n a ry  m e m b r a n e  in  tw en ty  fo u r  
p a t ie n ts  w ith  in c r e a s e d  p u lm o n a ry  b lood flow and su g g e s te d  th a t  an  
a l t e r a t i o n  of the  v o lu m e / s u r f a c e  a r e a  r a t io  a n d / o r  i n c r e a s e d  th ic k n e s s  
of the  p u lm o n a ry  c a p i l l a r y  m e m b r a n e  m ig h t  e x p la in  the  m i ld  i n c r e a s e  
in  the  m e m b r a n e / in t r a c a p i l l a r y  r e s i s t a n c e  r a t io  of change o b s e r v e d  
in  the  p a t ie n ts .  A t the  e l e c t r o n  m ic r o s c o p e  le v e l ,  Schulz  ( 1956) d e ­
s c r ib e d  c h an g es  in e n d o th e l ia l  c e l l s  a c c o m p a n ie d  by th ick en in g  of the 
b a s e m e n t  m e m b r a n e  and  p e r i v a s c u l a r  c o m p o n en ts  in a  c a s e  of m i t r a l  
s te n o s i s .  T h e se  r e s u l t s  w e r e  s u b s ta n t ia te d  by M e e s s e n  (1956).
The p r e s e n t  s tudy  w a s  u n d e r ta k e n  to  o b ta in  d a ta  on the  m o r ­
p h o lo g ic a l  changes  o b s e r v e d  in  th e  a l v e o l a r - c a p i l l a r y  m e m b r a n e  in  
p a t ie n ts  w ith  fu n c tio n a l  ev id en c e  of a c q u i r e d  and  c o n g en ita l  h e a r t  d i ­
s e a s e ,  p a r t i c u l a r ly  th o s e  a s s o c i a t e d  w ith  p u lm o n a ry  h y p e r te n s io n .  
H is to c h e m ic a l  d a ta  w e re  o b ta in ed  in  o r d e r  to  t r y  to  c o r r e l a t e  u l t r a -  
s t r u c t u r a l  f ind ings  w ith  h i s to c h e m ic a l  c h a n g e s ,  i f  any. I t  shou ld  be 
e m p h a s iz e d  th a t  the  lung h a s  b e e n  l a r g e ly  n e g le c te d  in  h i s to c h e m ic a l  
s tu d ie s ,  t h e r e f o r e ,  a  c o m p re h e n s iv e  b a t t e r y  of h i s to c h e m ic a l  r e a c t io n s
h a s  b e e n  in c o r p o r a te d  in  th is  study. H o w ev e r ,  only  the  r e s u l t s  which 
c o n tr ib u te d  s u b s ta n t ia l ly  to th e  u l t r a s t r u c t u r a l  f ind ings a r e  in c lu d e d  
in  the  o b s e r v a t io n s .
C H A P T E R  II 
M A TER IA LS AND METHODS
In  the  en su in g  s tudy , tw e lv e  lung b io p s ie s  w e re  o b ta in ed  f r o m  
U n iv e r s i ty  H o sp i ta l  c l in ic a l  p a t ie n ts  a t  th o ra c o to m y ;  one sp e c im e n  w as  
o b ta in ed  a t  au to p sy .
I t  is  e s s e n t i a l  th a t  s h o r t  c a s e  h i s t o r i e s  be in c lu d ed  p r e s e n t ­
ing the  c l in ic a l  and  s u r g ic a l  p r o c e d u r e s  em p lo y ed  in  o b ta in ing  a d ia g n o ­
s is  fo r  th e s e  th i r t e e n  p a t ie n t s .
C a s e  I
T h is  th i r ty - n in e  m o n th  old w h ite  m a le  w as  w ithou t s y m p to m s  
u n t i l  the  ag e  of n in e  m o n th s .  A t th is  t im e ,  he  d e v e lo p ed  an  u p p e r  
r e s p i r a t o r y  in fe c t io n  and w as  found to  h av e  a  h e a r t  m u r m u r .  T h is  
ch ild  ex h ib ited  a  c y a n o s is  w h ich  w as  in c r e a s e d  by e x e r t io n  o r  c ry in g .  
T he  p a t ie n t  a l s o  t i r e d  e a s i ly  and  h ad  s h o r tn e s s  of b re a th .
P h y s ic a l  e x a m in a t io n  r e v e a le d  a s l ig h t ly  c y an o tic  in d iv idua l 
w ith  s ig n s  of e a r ly  c lubb ing . C h e s t  e x a m in a t io n  show ed  a  bulg ing  p r é ­
c o rd iu m  e s p e c ia l l y  on the  le f t .  T h e r e  w as  no  p a lp ab le  t h r i l l  in  th e  p r é ­
c o rd iu m . T h e r e  w as  a  h igh  p i tc h e d ,  j e t - l i k e  e je c t io n  m u r m u r  of g ra d e  
TV/VI w h ich  r a d ia te d  to  th e  a x i l l a  and  c la v ic le  and  w h ich  w as  h e a r d
5  .
b e s t  a t  the  le f t  s t e r n a l  b o r d e r  in  the  second  in t e r c o s t a l  s p a c e .
T he  e l e c t r o c a r d i o g r a m s  s u g g e s te d  r i g h t  a t r i a l  and  r ig h t  v e n t r i ­
c u la r  h y p e r t ro p h y .
C a r d ia c  c a th e t e r i z a t i o n  d a ta  in d ic a te d  a  r ig h t  to  l e f t  shun t but 
the  s i te  of th e  shun t w as  n o t  known. The p r e s s u r e  t r a c in g s  su g g e s te d  
th a t  i t  w as n o t  a t  the  v e n t r i c u l a r  le v e l .  A n g io c a r d io g r a m s  in d ic a te d  
an  i n t e r a t r i a l  s e p ta l  d e fe c t  w ith  p u lm o n a ry  s t e n o s i s .  A p o s t - s t e n o t i c  
d i la ta t io n  of th e  p u lm o n a ry  a r t e r y  w as no ted .
S u r g e r y  r e v e a le d  p u lm o n a ry  v a lv u la r  s t e n o s i s  and  in fu n d ib u ­
l a r  s te n o s i s  j u s t  below  th e  v a lv e  r in g .  A f te r  r e s e c t i o n  of th e  in fu n d i­
b u la r  m u s c l e  and  p u lm o n a ry  c o m m is s u r o to m y  th e  p o s t - o p e r a t iv e  c o u r s e  
h a s  b een  e x c e l le n t .
C a s e  II
T h is  te n  y e a r  o ld  In d ia n  fe m a le  w as  a d m it te d  to  U n iv e r s i ty  H o s ­
p i ta l  fo r  c a r d i a c  e v a lu a t io n .  A h e a r t  m u r m u r  w a s  f i r s t  n o te d  a t  s ix  
w eek s  of a g e ,  bu t she  w as  g e n e r a l ly  a s y m p to m a t ic  a p a r t  f r o m  m o d e r a te  
d y sp n ea  and e a s y  f a t ig a b i l i ty  u n ti l  th e  l a s t  few  y e a r s  d u r in g  w hich  h e r  
sy m p to m s  h a v e  b e c o m e  p r o g r e s s i v e l y  w o r s e .
P e r t i n e n t  p h y s ic a l  f ind ings  r e v e a le d  d e c r e a s e d  b r e a th  sounds 
o v e r  the  r ig h t  p o s t e r i o r  an d  l a t e r a l  a r e a s  j u s t  be low  th e  s c a p u la .  A 
d if fu se  p o in t of m a x im a l  in te n s i ty  w as  h e a r d  in  th e  t h i r d  and  fif th  i n t e r ­
c o s ta l  s p a c e s ,  a p p r o x im a te ly  one c e n t im e te r  f r o m  th e  l e f t  s t e r n a l  b o r ­
d e r  and  e x ten d in g  to  th e  a n t e r i o r  a x i l l a r y  l in e .  A g ra d e  I I I /V I ,  h a r s h
s y s to l ic  m u r m u r ,  c r e s c e n d o  type  and  ra d ia t in g  to  the  le f t  sh o u ld e r  w as  
no ted  in  the  th i r d  i n t e r c o s t a l  sp ace .  A  g r a d e  IV /V I sy s to l ic  m u r m u r  
w h ich  did  n o t  r a d ia te  w as  h e a r d  a t  the  a p ex  and  fo u r th  i n te r c o s t a l  
sp ac e  one to  two c e n t i m e t e r s  f r o m  the  le f t  s t e r n a l  b o r d e r .  The  seco n d  
p u lm o n ic ,  w ith  a  s p l i t  s ec o n d  sound, w as  g r e a t e r  than  the  second  a o r t i c  
sound.
C a r d ia c  c a th e t e r i z a t i o n  w as  p e r f o r m e d  and the ch ild  w as  d i a g ­
n o s e d  a s  hav ing  a  l e f t  s u p e r i o r  vena  c av a ,  a  v e n t r i c u la r  s e p ta l  d e fe c t  
and p u lm o n a ry  h y p e r te n s io n .  E l e c t r o c a r d i o g r a m s  r e v e a le d  a  r ig h t  
bundle  b ra n c h  b lock  and  r i g h t  v e n t r i c u l a r  h y p e r t ro p h y .
A banding of the  p u lm o n a ry  a r t e r y  w a s  a c c o m p lis h e d  a t  t h o r a ­
co to m y  a t  w hich  t im e  a  lung  b io p sy  w as  o b ta in ed .
C a s e  III
T h is  t h i r t y - s i x  y e a r  old w hite  m a le  had  p re v io u s ly  b een  d ia g ­
n o s e d  a s  hav ing  rh e u m a t ic  h e a r t  d i s e a s e  a t  th e  age  of fo u r te e n  w ith  
su b se q u e n t  d e v e lo p m e n t  of m i t r a l  s te n o s i s  and  m i t r a l  in su ff ic ien cy .
He w as  f i r s t  a d m it te d  to  U n iv e r s i ty  H o s p i ta l  f i f te e n  y e a r s  ago w ith  
c o m p la in ts  of d y sp n ea  on e x e r t io n  of m a n y  y e a r s  d u ra t io n .  A t th a t  
t im e  a  c lo se d  f i n g e r - f r a c t u r e  of the  m i t r a l  va lv e  w as  a c c o m p l is h e d  a t  
th o ra c o to m y .  He d id  w e l l  u n t i l  fo u r te e n  y e a r s  l a t e r  a t  w hich  t im e  he 
no ted  fa t ig u e  and  o c c a s io n a l  e p iso d e s  of d y sp n ea .  S u b seq u en tly  he  d e ­
ve lo p ed  p e d a l  e d e m a ,  o r th o p n e a ,  and  h e m o p ty s i s .
The p h y s ic a l  f ind ings  show ed a  few fine b a s i l a r  r a l e s  in  the  
p o s t e r i o r  ch es t .  The p o in t of m a x im a l  in te n s i ty  w as a t  th e  le f t  m id -  
c la v ic u la r  line  w ith  a  p ro m in e n t  le f t  v e n t r ic u la r  h eav e .  T h e r e  w as 
a t r i a l  f ib r i l la t io n  on p a lp a t io n ,  A g ra d e  I I I /V I  sy s to l ic  m u r m u r  and  
a d ia s to l ic  m u r m u r  w e r e  aud ib le  a t  the  le f t  s t e r n a l  b o r d e r .  T he  
seco n d  p u lm on ic  sound w as  a c c e n tu a te d .
A c a r d ia c  c a th e te r i z a t io n  w as  p e r f o r m e d  d u r in g  the  l a s t  a d ­
m is s io n  a t  w hich  t im e  a d ia g n o s is  of m i t r a l  s te n o s is  w ith  p u lm o n a ry  
h y p e r te n s io n  w as m ad e .
A lung b iopsy  w as  o b ta ined  d u r in g  s u r g e r y .  T he  p a t ie n t  d id  
not r e s p o n d  w ell  p o s t - o p e r a t iv e ly  and d ied  on the f if tee n th  p o s t - o p e r a ­
t iv e  day. The find ings a t  au to p sy  w e re  c o n s is te n t  w ith  the  c l in ic a l  
d ia g n o s is .
C a se  IV
This  n in e te en  m o n th  old  w hite  fe m a le  had  b een  found to  have 
co n g en ita l  h e a r t  d i s e a s e  a t  b i r th .  Upon h e r  f i r s t  h o s p i ta l  a d m is s io n ,  
she  w a s  d iag n o sed  a s  hav ing  r ig h t  u p p e r  p n eu m o n ia ,  b i l a t e r a l  o t i t i s  
m e d ia ,  and p a te n t  d u c tu s  a r t e r i o s u s  w ith  p u lm o n a ry  h y p e r te n s io n .
Seven  m o n th s  l a t e r  she  w as  a d m it te d  fo r  a  d iv is io n  and l ig a t io n  of the  
p a te n t  d uc tus  a r t e r i o s u s .
H e r  p h y s ic a l  f ind ings  show ed a l a b o r e d  r e s p i r a t o r y  r a t e  of 150 
and she  w as  in  m o d e r a te  r e s p i r a t o r y  d i s t r e s s .  T h e re  w e r e  d e c r e a s e d  
b r e a th  sounds on th e  le f t  s id e  of the  c h e s t  and  r a l e s  w e r e  h e a r d  th ro u g h -
8out the  lung  f ie ld s .  T he  p o in t of m a x im a l  in te n s i ty  w as h e a r d  a t  the  
s ix th  i n t e r c o s t a l  s p a c e  a t  th e  m id c la v ic u la r  l in e .  T h e re  w as  a  g ra d e  
I I / IV  s y s to l i c  m u r m u r  o v e r  the  p r é c o r d iu m  th ro u g h o u t the  c y c le .
X - r a y s  show ed  c a r d io m e g a ly  w ith  r ig h t  v e n t r i c u la r  p r e d o m i ­
n a n ce  and  in c r e a s e d  p u lm o n a ry  v a s c u la r i ty .
E l e c t r o c a r d i o g r a m s  r e v e a le d  an  in c o m p le te  r ig h t  bundle  b ra n c h  
b lock  and  r ig h t  v e n t r i c u l a r  h y p e r t ro p h y .
C a r d ia c  c a th e te r i z a t io n  d a ta  w e r e  c o n s is te n t  w ith  a  l a r g e  le f t  
to  r ig h t  shunt.
In  sp i te  of s u c c e s s fu l  duc t l ig a t io n  a t  th o ra c o to m y ,  p r e s s u r e  
re a d in g s  in d ic a te d  th a t  the  p u lm o n a ry  h y p e r te n s io n  p e r s i s t e d ,  P o s t -  
o p e ra t iv e ly ,  the  p a t ie n t  d e v e lo p ed  t a c h y c a rd ia .  The seco n d  p u lm on ic  
sound r e m a in e d  g r e a t ly  in c r e a s e d  and th e r e  w as  a  long s y s to l ic  m u r ­
m u r  of g ra d e  I I I / IV  in te n s i ty  w ith  a q u e s t io n ab le  d ia s to l ic  m u r m u r  a t  
the  apex . T he  p r é c o r d iu m  w as  q u ite  a c t iv e .
F iv e  m o n th s  l a t e r  the  p a t ie n t  d e v e lo p ed  b i l a t e r a l  b ro n c h o p n e u ­
m o n ia  w h ich  d id  n o t  r e s p o n d  w e ll  to  t r e a tm e n t  and e x p i re d  two m o n th s  
l a t e r .
A t  a u to p sy  th e  fo llow ing o b s e r v a t io n s  w e re  m a d e :  (1) a t r e s i a  
of th e  le f t  c o m m o n  p u lm o n a ry  vein , (2) s m a l l  i n t e r v e n t r i c u l a r  d e fe c t ,
(3) h y p e r t ro p h y  o f th e  r ig h t  a t r i u m  and r i g h t  v e n t r ic le ,  (4) e n la r g e m e n t  
of the  p u lm o n a r y  a r t e r y ,  (5) s m a l l  p a te n t  d u c tu s  a r t e r i o s u s ,  l ig a te d  and 
d iv ided .
C a s e  V
T h is  p a t ie n t  w a s  a  fo u r te e n  y e a r  old w hite  m a le  w ith  a  h i s to r y  
of c o n g en i ta l  h e a r t  d i s e a s e .  A m u r m u r  w as  h e a r d  a t  s ix  m o n th s  of age 
bu t the  fa m ily  r e f u s e d  t r e a t m e n t  u n ti l  th e  age  of fo u r te e n .  A t the  t im e  
of a d m is s io n  the  p a t ie n t  w as  d y sp n e ic  and  in to le r a n t  of e x e r c i s e .  C y a ­
n o s i s  w as not p r e s e n t .
P e r t i n e n t  p h y s ic a l  f ind ings  r e v e a le d  p a lp ab le  p e r i p h e r a l  p u ls e s  
w ith  a  slow  u p s t r o k e ,  a  p la te a u ,  and  a  s low  fa l l .  R e c l in in g  blood p r e s ­
s u r e ,  m e a s u r e d  by a u sc u l ta t io n  in th e  u p p e r  e x t r e m i ty ,  w as  90 /60 . 
P r e c o r d i a l  a c t iv i ty  w a s  i n c r e a s e d  w ith  a  s t ro n g  a p ic a l  t h r u s t .  A d e ­
f in i te  s y s to l ic  t h r i l l  w as  fe l t  o v e r  the  b a s e ,  a long th e  le f t  s t e r n a l  b o r ­
d e r ,  s u p r a s t e r n a l  n o tch  and  o v e r  the  c a r o t id  a r t e r y .  A h a r s h  e je c t io n -  
type  s y s to l ic  m u r m u r  of g ra d e  I I I /IV  w as  h e a r d  o v e r  th e  e n t i r e  c h e s t  
ra d ia t in g  w e l l  in to  th e  g r e a t  v e s s e l s  of the  n e ck .  T h e r e  w as  p a r a d o x i ­
c a l  sp l i t t in g  of th e  s ec o n d  b a s a l  sound.
E l e c t r o c a r d i o g r a m s  w e re  in d ic a t iv e  of le f t  v e n t r i c u l a r  h y p e r ­
t ro p h y  w ith  so m e  d e g r e e  of h e a r t  s t r a in .
X - r a y s  w e r e  s u g g e s t iv e  of a  d e f in i te  le f t  v e n t r i c u l a r  c o n to u r  
and  p o s s ib le  p o s t - s t e n o t i c  d i la ta t io n  of th e  a o r t a .
C a r d ia c  c a th e t e r i z a t i o n  w as  p e r f o r m e d  and  th e  p a t ie n t  w as 
d iag n o se d  a s  hav in g  s e v e r e  a o r t i c  s t e n o s i s  w ith  m i ld  p u lm o n a ry  h y p e r ­
te n s io n .
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A t th o ra c o to m y ,  a  s u b a o r t ic  s te n o s i s  of the  heavy  m e m b ra n o u s  
type  w as  found ju s t  below  the  a o r t i c  c u sp s .  The s ten o t ic  d e fe c t  w as c o r ­
r e c t e d  and  th e  p o s t - o p e r a t iv e  c o u r s e  h a s  b een  s a t i s f a c to ry .
C a s e  VI
T h is  f i f ty - th r e e  y e a r  o ld  w hite  m a le  w ith  a long h i s to r y  of r h e u ­
m a t ic  in v o lv em en t  h ad  h is  f i r s t  a t ta c k  of a cu te  rh e u m a t ic  fe v e r  a t  the  age 
of fo u r .  He w as  w ithou t sy m p to m s  u n ti l  f o u r te e n  y e a r s  ago w hen he s u f ­
f e r e d  a  le f t  h e m ip le g ia  fo llow ed by an  a lm o s t  c o m p le te  r e t u r n  of function . 
S e v e n  y e a r s  ago, a f i n g e r - f r a c t u r e  m i t r a l  v a lvu lo tom y  w as p e r f o r m e d  
a f t e r  th e  p a t ie n t  had  d ev e lo p ed  a  m a r k e d  d e c r e a s e  in  e x e r c i s e  to le r a n c e ,  
in  a d d it io n  to  an  o p p r e s s iv e  r e t r o s t e r n a l  c h e s t  p a in  du rin g  t im e s  of s t r e s s .
P e r t i n e n t  p h y s ic a l  f ind ings  r e v e a le d  a b lood p r e s s u r e  of 120 /60  
w ith  a n  i r r e g u l a r  p u ls e  r a t e  of 60. P e r c u s s i o n  in d ic a ted  e n la r g e m e n t  
of the  h e a r t  to  the  le f t  and r ig h t .  T h e  p o in t of m a x im a l  in te n s i ty  a p p e a r ­
ed  in  the  le f t  f if th  i n t e r c o s t a l  s p a c e  beyond  the  m id c la v ic u la r  l in e .  The 
f i r s t  m i t r a l  and seco n d  p u lm o n ic  sounds  w e r e  a c c e n tu a te d .  In  a d d it io n  
to  a  w e l l  lo c a l iz e d  a p ic a l  d ia s to l ic  ru m b le  of g ra d e  I I /V I ,  an  a p ic a l  
s y s to l i c  m u r m u r  of g ra d e  I I /V I  w as  p r e s e n t  w h ich  r a d ia te d  to  th e  le f t  
a x i l la .
A n e l e c t r o c a r d i o g r a m  show ed th e  fo llow ing: (1) a t r i a l  f i b r i l l a ­
t io n ,  (2) o c c a s io n a l  v e n t r i c u la r  e x t r a s y s to l e ,  (3) le f t  v e n t r i c u la r  h y p e r ­
t ro p h y ,  (4) p r i m a r y  T -w a v e  c h an g e s .
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C a r d ia c  c a th e te r iz a t io n  d a ta  and le f t  v e n t r i c u l a r  a n g io c a r d io ­
g rap h y  w e re  c o m p a t ib le  w ith  a d ia g n o s is  of m a r k e d  m i t r a l  s te n o s is  
and  m in im a l  m i t r a l  in su ff ic ien cy  of rh e u m a t ic  o r ig in .  A n a to m ic a l ly  
the  p a t ie n t  h ad  le f t  a t r i a l  and r ig h t  v e n t r i c u la r  h y p e r t ro p h y ;  p h y s io ­
lo g ic a l ly  the  p a t ie n t  ex h ib ited  a t r i a l  f ib r i l la t io n  and  c o n g e s t iv e  h e a r t  
f a i lu re .
T he  m i t r a l  s te n o s is  w as c o r r e c t e d  s u rg ic a l ly  and  the  p o s t ­
o p e ra t iv e  c o u r s e  h a s  been  s a t i s f a c to r y .
C a se  VII
Two m o n th s  p r io r  to  h o s p i ta l  a d m is s io n ,  th is  f i f ty - fo u r  y e a r  
old w hite  m a le  w as  d iag n o sed  a s  su f fe r in g  f ro m  c o n g e s t iv e  h e a r t  f a i l ­
u r e  of in s id io u s  o n se t .  A t th is  t im e ,  he  w as found to  h av e  a t r i a l  f i ­
b r i l l a t io n  and  w as  s t a r t e d  on d ig i ta l i s .
P h y s ic a l  e x am in a t io n  on th is  a d m is s io n  show ed  a  b lood p r e s ­
s u re  of 142 /60  w ith  an  i r r e g u l a r  p u ls e  r a t e  of 48. A w e l l  lo c a l iz e d  
g ra d e  I I / IV  d ia s to l ic  m u r m u r  w as  h e a r d  only in the  l e f t  d ecu b i tu s  
p o s i t io n .  A g ra d e  I I /IV  sy s to l ic  m u r m u r  w as  h e a r d  a t  th e  apex ; an  
opening sound w as  h e a r d  but the s ec o n d  pu lm on ic  sound  w as  no t r e ­
m a rk a b le .
E l e c t r o c a r d io g r a m s  w e re  su g g e s t iv e  of le f t  v e n t r i c u l a r  h y p e r ­
trophy .
C a r d ia c  c a th e te r iz a t io n  d a ta  r e v e a le d  an  e le v a te d  p u lm o n a ry  
w edge p r e s s u r e  in d ica tin g  m i t r a l  in su ff ic ie n cy  and  s t e n o s i s .  P r e s s u r e
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d a ta  f r o m  the  r ig h t  h e a r t  w as  c o n s i s te n t  w ith  a m i ld  p u lm o n a ry  h y p e r ­
te n s io n .  M i t r a l  s te n o s is  w as  the  p re d o m in a n t  l e s i o n  w ith  m o d e r a te  
m i t r a l  and a o r t i c  in s u f f ic ie n c ie s .
S u rg ic a l  p r o c e d u r e  r e v e a le d  a m o d e r a te ly  to m a r k e d ly  s te n o ­
t ic  m i t r a l  va lve. The s te n o s is  w as of a  f ib ro u s  type . T h e r e  w as  no 
g r o s s  ev idence  of e i th e r  m i t r a l  o r  a o r t i c  in su ff ic ie n cy .
A f te r  c o m m is s u r o to m y ,  the  p o s t - o p e r a t i v e  c o u r s e  h a s  b een  
s a t i s f a c to r y ,
C a s e  VIII
The p a t ie n t  w as  an e lev e n  y e a r  o ld  w hite  f e m a le  who h ad  a 
d ia g n o s is  of p a ten t  d u c tu s  a r t e r i o s u s  w ith  a  r e v e r s a l  of flow and  p u l ­
m o n a ry  h y p e r te n s io n .  T h is  d ia g n o s is  w as  c o n f i rm e d  by c a r d ia c  c a th e ­
t e r i z a t io n  and a n g io c a rd io g ra p h y .
P e r t i n e n t  p h y s ic a l  f ind ings  r e v e a le d  a b lood p r e s s u r e  of 130 /84  
w ith  a  r e g u la r  p u ls e  of 84. The c h e s t  w as  c l e a r  to  a u s c u l ta t io n  and  p e r ­
c u s s io n .  The h e a r t  rh y th m  w as  r e g u la r ;  th e  p o in t of m a x im a l  in te n s i ty  
w as  th r e e  c e n t im e te r s  l a t e r a l  to  th e  m id c la v ic u l a r  l in e .  A g ra d e  I I /V I  
d ia s to l ic  m u r m u r  w as  h e a r d  m a x im a l ly  a t  the  le f t  s t e r n a l  b o r d e r  in  the  
seco n d  in te r c o s t a l  sp ac e .  The p u lm o n a ry  seco n d  sound  w as  g r e a t ly  
a c c e n tu a te d .  The o th e r  p h y s ic a l  f ind ings  and  l a b o r a to r y  d a ta  w e r e  w i th ­
in  n o r m a l  r a n g e s .
A b i l a t e r a l  p u lm o n a ry  a r t e r y  banding  w a s  a c c o m p l is h e d  and  a 
lung b io p sy  w as o b ta in ed  d u r in g  the  s u r g e r y .  The p a t ie n t  re s p o n d e d
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w e ll  p o s t - o p e r a t iv e ly  and  is  be ing  fo llow ed  in th e  o u t -p a t ie n t  and  c a r d i o ­
logy  c l in ic s .
C a s e  IX
T h is  e le v e n  y e a r  o ld  w hite  fe m a le  w as  a d m it te d  to  th e  h o s p i ta l  fo r  
ev a lu a t io n  of a  h e a r t  m u r m u r .  A y e a r  e a r l i e r ,  the  p a t ie n t  beg an  having  
e p iso d e s  of d iz z in e s s  and  fa tigue  and  had  n o ted  a g ra d u a l  d e v e lo p m en t  
of s h o r tn e s s  of b r e a th .  Two m o n th s  p r i o r  to  a d m is s io n  the  p a t ie n t  c o m ­
p la in e d  of c h e s t  p a in  and  a s m o th e r in g  s e n s a t io n  d u r in g  r e s t  and  e x e r ­
c i s e .  S ince  th a t  t im e ,  th e  p a t ie n t  h a s  had f e v e r  once  o r  tw ice  w eek ly .
S ix  w eek s  p r i o r  to  a d m is s io n  the  p a t i e n t 's  le f t  k nee  b e c a m e  sw o l len  and 
w a r m  bu t th e s e  s ig n s  d i s a p p e a r e d  sp o n tan e o u s ly  two d ay s  l a t e r .
A t the  t im e  of a d m is s io n ,  a p h y s ic a l  e x a m in a t io n  show ed a 
b lood  p r e s s u r e  of 11 8 /7 8  and  w as  u n r e m a r k a b le  e x ce p t  fo r  a  g ra d e  
IV /V I  m id d le  to  l a te  d ia s to l ic  c r e s c e n d o  m u r m u r  h e a r d  a t  the  ap ex  
w h ich  r a d ia te d  th ro u g h o u t  th e  le f t  h e m i th o ra x .  A g ra d e  1 /V l s y s to l ic  
m u r m u r  w as h e a r d  a t  th e  ap ex  w ith  a  s y s to l ic  open ing  sn ap . T he  p h y s i ­
c a l  d ia g n o s is  w as  in d ic a t iv e  of m i t r a l  s t e n o s i s  w ith  a  q u e s t io n  a s  to  
w h e th e r  th is  w as  of rh e u m a t ic  o r  of c o n g en i ta l  o r ig in .
C a r d ia c  c a th e te r i z a t io n  d a ta  in d ic a te d  p u lm o n a ry  a r t e r i a l  h y p e r ­
te n s io n  bu t a  sh u n t w as  n o t  d e m o n s t r a t e d .
C o m m is s u r o to m y  w as  p e r f o r m e d  and  th e  p o s t - o p e r a t i v e  c o u r s e  
h a s  b e en  s a t i s f a c to r y .
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C a s e  X
T h is  s ix ty - fo u r  y e a r  old  w hite  m a le  w ith  a  ch ie f  co m p la in t  of
s l ig h t  d y sp n e a  on e x e r t io n  w as  a d m it te d  to  U n iv e rs i ty  H o sp i ta l  fo r
c a r d ia c  c a th e te r iz a t io n  and  c a r d ia c  ev a lu a tio n .  F i f te e n  y e a r s  e a r l i e r
131the  p a t ie n t  had  r e c e iv e d  I t r e a tm e n t  fo r  G r a v e 's  d i s e a s e .  T h i r te e n  
y e a r s  a f t e r  th is  the  p a t ie n t  b e g an  re c e iv in g  d e s s ic a te d  th y ro id  fo r  h y p o ­
th y r o id i s m .  One y e a r  p r i o r  to  th is  a d m is s io n  th e  p a t ie n t  su f fe re d  an 
a c u te  m y o c a r d ia l  in fa rc t io n ,  b e c a m e  h y p o ten s iv e  and d ev e lo p ed  c o n ­
g e s t iv e  h e a r t  f a i lu re .  D ig i ta l i s  t r e a tm e n t  w as begun and the  p a t ie n t  
d ev e lo p ed  a  loud s y s to l ic  m u r m u r  w hich  w as  though t to  be c a u s e d  by 
p a p i l l a r y  m u s c le  ru p tu r e .
T he  p h y s ic a l  e x a m in a t io n  a t  th is  a d m is s io n  r e v e a le d  a  b lood 
p r e s  s u r  eof 130 /90  w ith  a  r e g u l a r  p u lse  of 80. The p a t ie n t  ex h ib ited  
m a r k e d  ex o p h th a lm u s  and w as  u nab le  to  m ove  the  le f t  eye u p w a rd  and
■ '.V v
l a t e r a l l y .  The ju g u la r  v e in  w as  l a r g e  and  p u ls a t i l e .  D e c r e a s e d  b r e a th  
sounds  and d u l ln e s s  w e re  n o ted  a t  the  r ig h t  lung b a s e .  The h e a r t  w as  
s l ig h t ly  e n la r g e d  to  the  le f t  w ith  a  p ro m in e n t  e p ig a s t r i c  im p u ls e .  A 
loud h a r s h  p a n s y s to l ic  m u r m u r  w ith  a t h r i l l  w as  h e a r d  m a x im a l ly  a t  
the  apex . A g ra d e  IV seco n d  sound w as  w ide ly  sp l i t .  P e d a l  p u ls e s  
w e r e  p a lp ab le  and  q u e s t io n a b le  c lubbing  w as  no ted .
X - r a y  e x a m in a t io n  r e v e a le d  c a r d io m e g a ly ,  a  p ro m in e n t  r ig h t  
v e n t r ic le  and  i n c r e a s e d  p u lm o n a ry  v a s c u la tu re .
15
The e l e c t r o c a r d io g r a m  show ed an  old  a n te r o s e p ta l  and  a n t e r o ­
l a t e r a l  m y o c a r d ia l  in fa rc t io n  w ith  c o m p le te  r ig h t  bundle  b ra n c h  b lock .
C a rd ia c  c a th e te r i z a t io n  d a ta  r e v e a le d  a  s m a l l  le f t  to  r ig h t  
shun t w h ich  su g g e s te d  a  r u p tu r e d  i n t e r v e n t r i c u l a r  s ep tu m  se c o n d a ry  
to  the  m y o c a r d ia l  in fa rc t io n .  C in e a n g io c a rd io g ra m s  d e m o n s t r a t e d  m ild  
to  m o d e r a te  le f t  to r ig h t  shun t in the  lo w e r  i n t e r v e n t r i c u l a r  s e p ta l  reg io n .  
B e c a u se  of the  le f t  to r ig h t  shunt the  p u lm o n a ry  w edge p r e s s u r e  w as a t  
the  u p p e r  l im i t s  of n o rm a l  o r  s l ig h t ly  e le v a te d .  T h e re  w as  no m i t r a l  
r e g u rg i ta t io n .
The s e p ta l  d e fe c t  w as  r e p a i r e d  w ith  T eflon  fe l t  d u r in g  s u r g e r y  
and the  p o s t - o p e r a t iv e  cond ition  h a s  b een  good.
C a s e  XI
T h is  s ix ty -n in e  y e a r  old d ia b e t ic  w h ite  fe m a le  w as  r e f e r r e d  to 
U n iv e rs i ty  H o sp i ta l  fo r  e v a lu a t io n  of a  s o l i t a r y  m a s s  in  th e  u p p e r  lobe  
of the  r ig h t  lung w hich  w as  d i s c o v e r e d  d u r in g  h o s p i ta l i z a t io n  fo r  c o n ­
g e s t iv e  h e a r t  f a i lu re .  Two y e a r s  p r i o r  to  th i s  a d m is s io n  a m a s s ,  d ia g ­
n o se d  a s  u n d if f e r e n t ia te d  sp in d le  c e l l  s a r c o m a  (p ro b ab ly  l ip o s a r c o m a  o r  
rh a b d o m y o s a rc o m a )  w as  r e m o v e d  f r o m  the  d i s t a l  p a r t  of th e  le f t  th igh . 
Two m o n th s  l a t e r  a  r e c u r r e n t  m a s s  w as  e x c is e d  f r o m  th e  s c a r .  S even  
m o n th s  l a t e r  a  h igh  a m p u ta t io n  w as  p e r f o r m e d  fo r  a  seco n d  tu m o r  r e ­
c u r r e n c e .  T h e r e  w as  no h i s to r y  of h e m o p ty s is  o r  c h e s t  p a in  and  the  
p a t ie n t  w as  w ithou t s ig n s  o r  sy m p to m s  u n t i l  a  y e a r  and  a  h a l f  l a t e r  w hen 
th e  lung m a s s  w as  d i s c o v e r e d .  A m e t a s t a t i c  s u rv e y  w as  n e g a t iv e  and
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p la n ig r a m s  r e v e a le d  only  the  s o l i t a r y  p u lm o n a ry  le s io n .
T he  a d m it t in g  d ia g n o s is  w as  a s  fo llow s: (1) m e ta s t a t i c  s a r ­
c o m a  in  th e  r ig h t  lung , (2) w e l l  c o m p e n s a te d  a th e r o s c l e r o t i c  h e a r t  
d i s e a s e  w ith  c o n g e s t iv e  h e a r t  f a i lu r e ,  (3) s e n i le  d ia b e te s  m e l l i tu s .
P h y s ic a l  d ia g n o s i s  r e v e a le d  a  b lood  p r e s s u r e  of 1 6 0 /70  w ith  
a  r e g u l a r  p u ls e  of 84. T he  lu n g s  w e r e  c l e a r  to  a u s c u l ta t io n  and p e r ­
c u s s io n .  T he h e a r t  show ed a  g ra d e  I I I /V I  s y s to l ic  m u r m u r  r a d ia t in g  
to  the  n eck  w hich  w as  h e a r d  b e s t  a t  th e  le f t  s t e r n a l  b o r d e r  in  the  
sev e n th  i n t e r c o s t a l  s p a c e .
E l e c t r o c a r d io g r a p h ic  f ind ings  in d ic a te d  le f t  v e n t r i c u l a r  h y p e r ­
t ro p h y  w ith  p r i m a r y  T -w a v e  ch an g e s .
No c a r d ia c  c a th e te r i z a t io n  d a ta  w e r e  o b ta in ed  f r o m  th is
p a t ie n t .
A r ig h t  u p p e r  lo b e c to m y  w as  p e r f o r m e d .  A t s u r g e r y  n e i th e r  ' 
p l e u r a l  o r  g r o s s  noda l in v o lv e m e n t  w as  n o ted . T h e r e  w as  no e v id en ce  
of m e d ia s t in a l  e x ten s io n .  The b io p sy  w as  o b ta in ed  a t  a s i te  f r e e  f r o m  
tu m o r  in v o lv em en t.
T he  s u r g ic a l  pa tho logy  r e p o r t  d ia g n o se d  the  tu m o r  m a s s  a s  a  
m e ta s t a t i c  m a l ig n a n t  sp in d le  and  g ian t  c e l l  t u m o r  c o n s i s te n t  w ith  r h a b ­
d o m y o s a r c o m a  of the  r ig h t  u p p e r  lobe . T he r e s e c t e d  m a r g in  w as  f r e e  
of tu m o r .
T he  p a t ie n t  w as  d i s c h a r g e d  f i f te e n  d a y s  p o s t - o p e r a t iv e ly .
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C a s e  XII
T h is  e le v e n  y e a r  o ld  w hite  fe m a le  h a s  h ad  n u m e r o u s  h o s p i ta l  
a d m is s io n s  fo r  c h ro n ic  lung d i s e a s e ,  p n e u m o n ia ,  and  o th e r  c o n g en ita l  
a n o m a l ie s .  In  ad d i t io n  to the  above d i s o r d e r s  th e  p a t ie n t  h a d  an  a d m i t ­
t ing  d iag n o s is  of c o n g en ita l  s p h e r o c y to s i s ,  r ig h t  h e m i p a r e s i s  due to 
c e r e b r o - v a s c u l a r  a c c id e n t ,  m i ld  m e n ta l  r e t a r d a t io n ,  b l in d n e s s  in  the  
le f t  eye due to  v i t r e o u s  h e m o r r h a g e ,  p u lm o n a ry  f i b r o s i s  of unknown 
e t io logy , and c o a r c ta t io n  of the  a o r t a .
F a m i ly  h i s to r y  r e v e a le d  th a t  one s ib ling  h ad  c h ro n ic  lung 
p r o b le m s ,  th a t  a n o th e r  d ied  a t  f i f te e n  m o n th s  of ag e  f r o m  p u lm o n a ry  
f i b r o s i s  (p n e u m o c y s t i s  c a r n i i ) ,  and  th a t  the  m o th e r  w as  know n to  have  
s p h e r o c y to s i s .
P h y s ic a l  e x a m in a t io n  r e v e a le d  a  b lood p r e s s u r e  of 135 /90  
in  the  r ig h t  a r m  and  120/65  in  the  le f t  a r m .  T he  p r e s s u r e  in  both  
le g s  w as  90 /60 . The c h e s t  show ed so m e  i n c r e a s e  in  a n t e r i o r -  
p o s t e r i o r  d i a m e te r .  T h e re  w e re  no r a l e s  but o c c a s io n a l  c o a r s e  
rh o n c h i  w e re  h e a r d  in  the p o s t e r i o r  lung f ie ld s .  T h e  p o in t  of m a x im a l  
in te n s i ty  w as  in  the  m id c la v ic u l a r  l in e  of the  fif th  i n t e r c o s t a l  sp ac e  
w ith  so m e  a p ic a l  th r u s t .  A t h r i l l  w as  no t p r e s e n t .  A s y s to l i c  m u r ­
m u r  w as  h e a r d  a t  th e  b a se  w hich  r a d ia te d  in to  th e  n e ck ;  i t  w a s  a lso  
w e ll  h e a r d  o v e r  th e  back . A g ra d e  I / I I  s y s to l ic  m u r m u r  w a s  h e a r d  
o v e r  th e  p u lm o n a ry  va lve  a r e a .
X - r a y  r e v e a le d  g e n e r a l iz e d  p u lm o n a ry  f i b r o s i s  an d  e m p h y s e m a .
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B e c a u se  of the  p ro m in e n t  p u lm o n a ry  in vo lvem en t,  lung b io p s ie s  
w e re  ob ta in ed  fo r  h is to p a th o lo g ic  and  e le c t r o n  m ic ro s c o p ic  e v a lu a tio n  a t  
th is  t im e .  The s u r g ic a l  pa tho logy  f ind ings  in d ica ted  a  m in o r  d e g re e  of 
i n t e r s t i t i a l  f ib r o s i s  w ith  s l ig h t  p le u r a l  th icken ing .
A t a  l a t e r  t im e ,  c a r d ia c  c a th e te r iz a t io n  d a ta  w e re  ob ta ined  fo r  
e v a lu a t io n  of the a o r t i c  c o a r c ta t io n .  The c a r d ia c  c a th e te r iz a t io n  d a ta  
in d ic a te d  no i n t r a c a r d i a c  co m m u n ic a t io n .  P r e s s u r e s  in  the  r ig h t  h e a r t  
w e re  e s s e n t i a l ly  in the  n o rm a l  r a n g e .  S y s to l ic  p r e s s u r e s  in  the  le ft  
v e n t r ic le ,  a sc e n d in g  a o r t a ,  and  le f t  b r a c h ia l  a r t e r y  w e re  e lev a ted .  
P r e s s u r e  r e c o r d in g s  a c r o s s  the  a r e a  of c o a r c ta t io n  r e v e a le d  a  g ra d ie n t  
of 50 -6 0  m m . of m e r c u r y .  T h e se  d a ta  w e re  c o n s is te n t  w ith  the  a d m i t ­
t ing  d ia g n o s is  of c o a r c ta t io n  of the  a o r t a .
C a s e  XIII
T h is  one y e a r  old w hite  fe m a le  w as  a d m it te d  w ith  a  c l in ic a l  
d ia g n o s is  of co n g en i ta l  m i t r a l  s te n o s i s .  S ince  the age  of th r e e  m o n th s ,  
the  p a t ie n t  had  e x h ib ited  cyan o tic  e p iso d e s  la s t in g  up to  five  m in u te s  and 
a s s o c i a t e d  w ith  b r e a th  ho ld ing . R e s p i r a t o r y  d i s t r e s s  w as  not a p p a re n t  
d u r in g  th e s e  p e r io d s .  A h e a r t  m u r m u r  w a s  found th r e e  w eek s  p r i o r  to  
a d m is s io n .
P h y s ic a l  e x a m in a t io n  r e v e a le d  an  a s y m m e t r i c a l  th o ra x  w ith 
p ro m in e n c e  of p r é c o r d iu m  and  le f t  c h e s t  a n te r io r ly .  T he  lungs  w e re  
c l e a r .  A g ra d e  II I /IV  s y s to l ic  m u r m u r  w as  h e a r d  o v e r  the  fo u r th  to  
f if th  i n t e r c o s t a l  sp ac e  a t  the l e f t  s t e r n a l  b o r d e r  and a ls o  o v e r  the  p r e -
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c o rd iu m  to  the  a x i l l a r y  line  and  u p w a rd  a long the le f t  s t e r n a l  b o r d e r .  
P u l s e s  w e re  eq u a l .  The l iv e r  w as  p a lp ab le  fo u r  f in g e r b r e a d th s  below 
the  r ig h t  c o s ta l  m a rg in .
C h e s t  x - r a y  w ith  b a r iu m .s w a l lo w  show ed m o d e r a te  c a r d i o ­
m e g a ly  w ith  a  v e ry  l a r g e  le f t  a t r i u m  and h y p e r t ro p h y  of the r ig h t  
v e n t r ic le .
T he  e l e c t r o c a r d io g r a m  show ed  r ig h t  a x is  d e v ia t io n .
C a r d ia c  c a th e te r iz a t io n  d a ta  r e v e a le d  i n c r e a s e d  p r e s s u r e  in 
the  p u lm o n a ry  ve in , r ig h t  v e n t r ic le ,  and  p u lm o n a ry  a r t e r y .
A t s u r g e r y ,  an  e n la rg e d  le f t  a t r i u m  and r ig h t  v e n t r ic le  w ith  a  
v e ry  s m a l l  m i t r a l  va lve  w as found. T h e r e  w as  q u e s t io n ab ly  so m e  
s c le r o t i c  c h an g e s  in  the  p u lm o n a ry  a r t e r y .
P o s t - o p e r a t i v e  cond ition  w a s  p o o r  and a f t e r  be ing  ta k e n  off 
the  p u m p , the  h e a r t  r a t e  s low ed  and e ffe c t iv e  s y s te m ic  p r e s s u r e s  
could  no t be m a in ta in e d .  The p a t ie n t  w as  pu t on a b y p a ss  p u m p  and 
d ru g s  w e re  g iven . D e sp ite  th e s e  m e a s u r e s ,  the  p a t ie n t  took  a  p r o ­
g r e s s iv e  dow nhill  c o u r s e  and e x p i re d .
T he  lung s p e c im e n  w as  ta k e n  th i r ty  to  f o r ty - f iv e  m in u te s  a f te r
death .
T he  c a r d ia c  c a th e te r iz a t io n  d a ta  c a n  be found on p a g e s  tw en ty , 
tw e n ty -o n e ,  and  tw en ty - tw o .
T A B L E  I
CARDIAC C A T H E T E R IZ A T IO N  DATA
CASE 1 CASE 11 CASE m CASE IV CASE V CASE VI CASE VH
SVC - - m  12 - - - -
RA 2 13 *
m  5 m  2 m  10 m  4 - m  6 m  8
RV 1 1 4 /1 0 /0 1 1 0 /0 /1 0 9 8 /0 /1 3 7 5 /0 - 3 6 /6 4 3 / 0 / 7
RPA 120 /57 - 2 2 /9 _ -
- m  85 - - m  16 - -
LPA 1 2 /4 1 0 0 /40 - _ _ -
m  8 - m  65 - - - -
MPA 1 2 /4 105 /45 9 3 /4 5 8 0 /4 8 4 4 /7 4 2 /1 8
m  8 m  70 m  65 m  60 - m  26 m  30
WEDGE _ 1 4 /5 27 _
- m  5 m  30 - m  9. - m  18
BA 9 8 /5 5 102 /65 1 4 0 /80 9 0 /5 0 -
m  73 - m  100 - m  70 - -
SVC - s u p e r io r  v en a  cav a ;  RA - r ig h t  a t r iu m ;  RV - r ig h t  v e n t r ic le ;  R P A  - r ig h t  p u lm o n a ry  a r t e r y ;  
L P A  - le f t  p u lm o n a ry  a r t e r y ;  M PA  - m e a n  p u lm o n a ry  a r t e r y ;  W EDGE - w edge p r e s s u r e ;  BA - 
b r a c h ia l  a r t e r y ;  m  - m e a n .  A ll  r e a d in g s  a r e  in  m i l l i m e t e r s  of m e r c u r y .
No
T A B L E  I 
C on tinued
CASE v m CASE IX CASE X CASE XI CASE XII CASE x i n
SVC - - m  4 - - -
RA 5 _
m  3 - m  4 - m  2 -
RV 1 4 0 /0 /1 0 5 3 /0 /3 4 9 / 2 / 4 - ■ - -
RPA 140 /80 4 7 /2 8 _ _ 2 0 /8
m  100 m  37 - - m  14 -
LPA 130 /75
m  i 00 - - - - -
MPA 4 8 /2 2 4 2 /2 2 2 4 /8
- m  35 m  30 - m  14 -
WEDGE 3 1 /1 6
m  4 m  24 m  13 - - -
BA 130 /75 _ 132/85 _ 170/60
m  100 - m  105 - m  90 -
DO
SVC - s u p e r io r  vena  cava ; RA - r ig h t  a t r iu m ;  RV - r ig h t  v e n t r ic le ;  R P A  - r ig h t  p u lm o n a ry  
a r t e r y ;  L P A  - le f t  p u lm o n a ry  a r t e r y ;  M PA - m e a n  p u lm o n a ry  a r t e r y ;  W EDGE - w edge p r e s s u r e ;  
BA - b r a c h ia l  a r t e r y ;  m  - m e an .  A ll  r e a d in g s  a r e  in m i l l i m e t e r s  of m e r c u r y .
T A B L E  I 
C on tinued  
P E R C E N T  OXYGEN SATURATION
CASE NUMBER 1 11 n i IV V VI Vll V lll IX X XI XU
SVC 58 72 65 53 77 - - - 65 56 - -
RA 59 78 43 49 75 - - 83 66 53 - -
RV - 83 62 63 - ■ - 76 66 68 -■ -
R P A - 83 - - 75 - - 77 66 - - -
L P A 60 - 62 - -, - - - - - - -
M PA 60 83 64 70 - - - 75 63 70 - -
W EDGE - - - - 93 91 - 100 - - -
BA 81 97 97 - 99 - - 99 - - - -
SVC - s u p e r io r  vena  cava ; RA -■ r ig h t  a t r iu m ;  RV - r ig h t  v e n t r ic le ;  R P A  - r ig h t  p u lm o n a ry
a r t e r y ;  L P A  - le f t  p u lm o n a ry  a r t e r y ;  M PA - m e a n  p u lm o n a ry  a r t e r y ;  W EDGE - w edge 
p r e s s u r e ;  BA - b r a c h i a l  a r t e r y .
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A t the t im e  of th o ra c o to m y ,  the  lung  b io p sy  w as o b ta in ed  w hich  
w as  im m e d ia te ly  fixed  in  the  fo llow ing m a n n e r .  F o r  e l e c t r o n  m i c r o ­
sco p ic  s tudy , a  p ie c e  of the  t i s s u e  w as  cu t in to  s m a l l  p ie c e s  and  fixed  
in  Z e t t e r q v i s t ' s  f ix a t iv e  ( I b a s e ,  1964) fo r  a  p e r io d  of fo r ty  five  m in u te s  
to one h o u r .  The  p r o c e d u r e  u se d  fo r  M a r a g la s  em bedd ing  w as the  one 
d ev e lo p ed  by F r e e m a n  (1963). The E pon  em bedd ing  p r o c e d u r e  of L u f t  
(1961) w as u t i l iz e d  w ith  the  fo llow ing m o d if ic a t io n :  sev e n  p a r t s  of the  
E pon  m ix tu r e  "A " p lu s  th r e e  p a r t s  of m ix tu r e  "B "  w as  u se d  a s  the  f in a l  
em bedd ing  r e s i n  to  p ro d u c e  a  so m ew h a t  s o f te r  b lock . T h is  em b ed d in g  
m ix tu r e  had been  found p re v io u s ly  in  th is  l a b o r a to r y  to  en h an ce  th in  
sec t io n in g  of lung m a t e r i a l .
The s p e c im e n s  fo r  e l e c t r o n  m ic r o s c o p ic  o b s e r v a t io n s  w e re  
s e c t io n e d  w ith  the  P o r t e r - B l u m  u l t r a m ic r o to m e  f i t te d  w ith  a  Du P o n t 
d iam o n d  knife  o r  w ith  g la s s  k n iv es .
A f te r  p ro c u r in g  th in  s e c t io n s  on f o r m v a r  c o a te d  g r id s ,  they  
w e re  s ta in e d  u s in g  v a r io u s  e l e c t r o n  s ta in in g  p r o c e d u r e s :  W a ts o n 's  
le a d  h y d ro x id e  s ta in  (1958), W a ts o n 's  s a tu r a te d  u ra n y l  a c e ta te  s ta in  
(1958a), M il lo n ig 's  le a d  t a r t r a t e  s ta in  (1961), R e y n o ld 's  le ad  c i t r a t e  
s ta in  (1963), C a l lah o n  and H o r n e r ' s  v an ad a to m o ly b d a te  s ta in  (1964), 
P e a s e ' s  five p e r  cen t  u ra n y l  a c e ta te  s ta in  (1964). T he  s ta in  em p lo y e d  
h a s  b e e n  d e s ig n a te d  in  th e  p la te  d e s c r ip t io n s .
The u l t r a th in  s e c t io n s  w e re  e x am in ed  w ith  an  RCA E M U -3 F  
e le c t r o n  m ic r o s c o p e .
2 4
W hen d e s i r e d  f ie ld s  w e r e  v iew ed  in  th e  e l e c t r o n  m ic r o s c o p e ,  
p h o to g ra p h ic  p la te s  w e re  e x p o se d  to  the  e l e c t r o n  b e a m  to  s e c u r e  
e l e c t r o n  m ic r o g r a p h ie  d a ta .
In  the  h i s to c h e m ic a l  and  c y to lo g ic a l  s tudy , s e v e n  d i f f e r e n t  f ix ­
a t iv e s  w e r e  em p lo y ed  fo r  e ac h  b io p sy .  T h e s e  w e re :  te n  p e r  cen t  n e u ­
t r a l - b u f f e r e d  fo r m a l in ,  B o u in 's  so lu t io n ,  C a rn o y  I so lu t io n ,  c a lc iu m  
a c e t a t e - f o r m a l i n ,  a l c o h o l - n e u t r a l  f o r m a l in ,  c a lc iu m - f o r m o l ,  and 
c e ty l  p y r id in iu m - f o r m a l in  ( P e a r s e ,  I960; B a r k a  and A n d e rs o n ,  1963). 
F o r  so m e  of the  en zy m e  and l ip id  s tu d ie s ,  it  w as  m a n d a to ry  to  u se  
f r o z e n  s e c t io n s ,  and  the  s p e c im e n s  w e r e  im m e d ia te ly  f r o z e n  on d ry  
ice  and  s to r e d  in  the  deep  f r e e z e  a t  -3 0 °  C. u n t i l  a p p r o p r ia t e  s e c ­
t io n s  w e re  cu t on th e  I n te r n a t io n a l  H a r r i s  C r y o s ta t ,  M odel C T . O p ­
t im a l  t im e s  fo r  f ix a t io n  w e re  u s e d  fo r  a l l  of th e s e  f ix a t iv e s .  Due to  
the  s m a l l  s iz e  of the  lung b io p sy ,  in so m e  c a s e s ,  i t  w as  n e c e s s a r y  to  
o m it  s e v e r a l  of th e  f ix a t iv e s .
W ith  the  ex ce p t io n s  of th e  c a l c iu m - f o r m o l  f ixed  s p e c im e n s  
and  the  f r e s h  f r o z e n  b lo c k s ,  a l l  of th e  t i s s u e s  w e r e  em b ed d e d  in  P a -  
r a p l a s t .  S ev en ty  f ive  to  one h u n d re d  s l id e s  w e re  p r e p a r e d  f r o m  e v e r y  
f ix a t iv e  f r o m  e v e r y  b io p sy  p r o c u r e d .  P a r a p l a s t  em b ed d e d  t i s s u e s  fo r  
e m p i r i c a l  cy to lo g ic a l  s ta in in g  and  fo r  s o m e  h i s to c h e m ic a l  p r o c e d u r e s  
w e r e  s e c t io n e d  a t  fo u r  to  te n  m i c r a  on a  M in o t r o t a r y  m ic r o to m e .
T he  c a lc iu m - f o r m o l  and f r e s h  f r o z e n  s e c t io n s  w e r e  c u t  a t  s ix  to  
tw e lv e  m i c r a  on th e  c r y o s ta t .
2 5
The h i s to c h e m ic a l  s tu d y  w as in i t ia l ly  u n d e r ta k e n  to  o b ta in  a 
c o m p re h e n s iv e  b a t t e r y  of r e a c t io n s  on lung. The h i s to c h e m ic a l  m e th o d s  
and m o d if ic a t io n s  and  the  e m p i r i c a l  c y to lo g ic a l  m e th o d s ,  w h ich  w e re  
u se d  ro u t in e ly  to  a u g m e n t  and  c la r i fy  so m e  of the  h i s to c h e m ic a l  d a ta  , 
have  b een  l i s t e d  in  A ppend ix  A.
P h o to m ic r o g ra p h ic  d a ta  w e re  o b ta in ed  f r o m  s e le c te d  h i s t o ­
c h e m ic a l  and  c y to lo g ic a l  p r o c e d u r e s  w hich  cou ld  be c o r r e l a t e d  w ith  
u l t r a  s t r u c t u r a l  f ind ings .
T he  l ig h t  m ic r o s c o p ic  a p p a r a tu s  c o n s i s te d  of the  Z e i s s  p h o to ­
m ic r o s c o p e  w hich  w as  su i te d  fo r  m ic r o s c o p y  and  p h o to m ic ro g r a p h y  
w ith  t r a n s -  and e p i-  i l lu m in a t io n  a s  w e ll  a s  fo r  w o rk  w ith  p o l a r i z e d  
l igh t.  T h is  p h o to m ic ro s c o p e  w as  p a r t i c u l a r l y  v a lu ab le  in  th a t  the  
o p e r a to r  cou ld  ta k e  a  s e r i e s  of p r o p e r ly  e x p o se d  p h o to g ra p h s  in  ra p id  
s e c c e s s io n  of la b i le  h i s to c h e m ic a l  r e a c t io n s .  The fo llow ing a c c o u ­
t e r m e n t s  w e re  u t i l iz e d  in  tak ing  c o lo r  p h o to m ic ro g r a p h s :  (1) a  blue 
f i l t e r ,  (2) a  n e u t r a l  d e n s i ty  f i l t e r ,  w hen  d e s i r e d .  A r e d - g r e e n  f i l ­
t e r  w as  u t i l iz e d  in  p h o to g rap h in g  s p e c im e n s  fo r  b la c k  and  w hite  
e x p o s u r e s .
C H A PTE R  III 
OBSERVATIONS 
C a s e  I
T h is  p a t ie n t  had  p u lm o n a ry  s te n o s i s  w ith  no p u lm o n a ry  h y p e r ­
te n s io n  and s e r v e d  a s  a  func tiona l c o n tro l  in  th is  s tudy . The f ig u r e s  
fo r  a l l  the  c a s e s  w e re  inc lu d ed  in  A ppend ix  B.
The lu m in a  of the  c a p i l l a r i e s  w e r e  con tinuous ly  l in e d  by e n d o ­
th e l ia l  c e l l s .  The c y to p la sm ic  e x ten s io n s  w e re  n o rm a l ly  q u ite  th in  in 
th is  c a s e .  T he  e n d o th e l ia l  l in ing  w as  no t w idened  a lthough  in  c o m p a r i ­
son  w ith  the  a lv e o l a r  e p i th e l ia l  l in in g , i t  d id  a p p e a r  m o r e  p ro m in e n t  
(F ig u r e s  1 and  2). V e s ic le s  and r ib o s o m e s  w e re  d i s p e r s e d  th ro u g h o u t 
the  c y to p la sm ,  bu t l a r g e  p ino cy to tic  v e s ic l e s  w e re  not ev iden t.
Both  the  c a p i l l a r y  e n d o th e l ia l  and  the  p u lm o n a ry  e p i th e l ia l  
c e l l s  r e s t e d  on d i s t in c t  b a s e m e n t  m e m b r a n e s .  T h e s e  m e m b r a n e s  
had  two co m p o n en ts ,  an  in n e r  la m in a  d e n s a ,  w h ich  faced  the  p e r i v a s ­
c u la r  s p a c e ,  and  a t r a n s lu c e n t  la m in a  lu c id a ,  w h ich  r e s t e d  upon the  
p la s m a  m e m b r a n e s  of the  en d o th e l ia l  and  e p i th e l ia l  c e l l s .  T he  c a p i l ­
l a r y  b a s e m e n t  m e m b r a n e  w as  s l ig h t ly  th ic k e r  th a n  th a t  of th e  a t t e n -
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u a te d  a lv e o l a r  b a s e m e n t  m e m b r a n e  ( F ig u re  1 and  2). In  so m e  i n ­
s t a n c e s ,  bo th  b a s e m e n t  m e m b r a n e s  m e r g e d  in to  th e  p e r i v a s c u l a r  
f ib e r  co m p o n en ts  ( F ig u r e s  1 and 3).
The p e r i v a s c u l a r  s p a c e  in c lu d e d  the  a r e a  w h ich  w as  s i tu a te d  
b e tw een  the  two b a s e m e n t  n ie m b r a n e s .  C o llag en , r e t i c u l a r  f i b e r s ,  
and  m e s e n c h y m a l  c e l l  d e r iv a t iv e s  w e re  o b s e r v e d  in  th e  p e r i v a s c u l a r  
sp a c e  ( F ig u r e  2). H o w ev e r ,  th e r e  w e r e  no l a r g e  in c r e m e n t s  of th e se  
t h r e e  co m p o n en ts  in  th i s  fu n c tio n a l  c o n tro l .  T h e r e  m a y  h av e  b een  
s o m e .e d e m a  p r e s e n t  in  F ig u r e  2, but the  w a ll  w as  s t i l l  no t th ic k e n ­
ed a p p re c ia b ly .
I t  h a s  b een  s u g g e s te d  th a t  the  p u lm o n a ry  s u r f a c e  l in in g  c o n ­
s i s t s  of two c e l l  ty p e s ,  the  a lv e o la r  type  I c e l l  and  the  a lv e o l a r  type  
II c e l l .  T he  a lv e o l a r  type  I c e l l  f o r m s  the  a t te n u a te d  f la t te n e d  e p i ­
th e l ia l  l a y e r .  C e l lu la r  o rg a n e l le s  and  n u c le i  a r e  in f r e q u e n t ,  bu t w hen  
p r e s e n t  the  c y to p la sm  b e c o m e s  i n c r e a s e d  in  w id th . T he  a lv e o l a r  type  
II c e l l  do es  no t have  long  c y to p la sm ic  e x te n s io n s ,  but c o n ta in s  in c lu ­
s io n  b o d ie s  and  m ic r o v i l l i .  T h e r e  a r e  none d e m o n s t r a t e d  in  the  
e l e c t r o n  m ic r o g r a p h s  fo r  th is  c a s e .  T he p u lm o n a ry  e p i th e l iu m  w as  
c o n sp ic u o u s ly  a t te n u a te d  in th is  c a s e  ( F ig u r e s  1, 2, and  3). O c c a ­
s io n a l  v e s ic l e s  and  in f r e q u e n t  c e l l u l a r  o rg a n e l le s  w e r e  n o te d  in  the  
e p i th e l ia l  c y to p la sm .
In  a  th ic k  a r e a  of the  s e p ta l  w a ll ,  a  m a s t  c e l l  w ith  i t s  c h a r ­
a c t e r i s t i c  in c lu s io n s  w a s  n o ted  ( F ig u re  3). A s t r a b l a u  and  to lu id in e
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blue h i s to c h e m ic a l  p r e p a r a t i o n s  show ed an  a p p re c ia b le  n u m b e r  of 
m a s t  c e l l s  w ith  v e ry  in te n s e ly  s ta in e d  g r a n u le s .
T he  c y to lo g ic a l  and  h i s to c h e m ic a l  t e s t s  fo r  c o l la g en ,  e l a s t i c  
and  n u c le ic  a c id s  ( fo r  c e l l u la r  d e f in it ion )  w e r e  a l l  u n r e m a r k a b le  in 
th a t  no i n c r e a s e d  a m o u n ts  of the  v a r io u s  c o m p o n en ts  w e r e  d e m o n ­
s t r a t e d .  T he  r e t i c u l a r  f i b e r s  a p p e a r e d  to  be w ith in  n o r m a l  r a n g e  in 
the  G o m o r i  p r e p a r a t i o n s ,  c o n se q u e n t ly  the  c a p i l l a r i e s  w e r e  no t w e l l -  
defined .
C a s e  II
T he  d ia g n o s is  of th is  p a t ie n t  w as  d e te r m in e d  a s  l e f t  s u p e r io r  
vena  c a v a ,  v e n t r i c u l a r  s e p ta l  d e fe c t ,  and p u lm o n a ry  h y p e r te n s io n .
T he  e n d o th e l ia l  l in ing  a p p e a r e d  to  be s l ig h t ly  i n c r e a s e d  in  
w idth  and  co n ta in ed  v e s ic l e s  of v a ry in g  s i z e s  ( F ig u r e s  4, 5, 6, and 
7). S e v e r a l  l a r g e  p in o cy to tic  v e s ic l e s  w e r e  w e l l  s e e n  in  F i g u r e s  4 
and 5. A n  in te rd ig i t a t io n  of th e  e n d o th e l iu m  and  the  c a p i l l a r y  b a s e ­
m e n t  m e m b r a n e  w as  s e e n  in  F i g u r e  6. T h is  w as  a  n o r m a l  c o n f ig u ­
r a t io n  in  w h ich  e n d o th e l ia l  c e l l s  o v e r la id  e a c h  o th e r  w ith  an  i n t e r ­
vening p o r t io n  of the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  found b e tw e e n  
th e  two c e l l  b o r d e r s .
T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  w as  s l ig h t ly  th ic k e n e d  in  
so m e  a r e a s  ( F ig u r e s  4 , 5, an d  6). T he  a lv e o la r  b a s e m e n t  m e m b r a n e  
show ed a  s l ig h t  s iz e  i n c r e a s e  in  th is  c a s e  ( F ig u r e  4). M e s e n c h y m a l  
c e l l  d e r iv a t iv e s  w ith in  th e  s e p ta l  w a l l  a p p e a r e d  c lo se ly  a d h e r e n t  to
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the  a lv e o la r  b a s e m e n t  m e m b r a n e  ( F ig u r e s  4, 5, and 6).
In  F ig u r e s  4, 5, and 6, the  p e r i v a s c u l a r  sp ac e  show ed  w id e n ­
ing due to  in c r e a s e d  c o l la g e n  an d  r e t i c u l a r  f ib e r  d e p o s it io n .  M any 
c y to p la sm ic  e le m e n ts  of m e s e n c h y m a l  c e l l s  con ta in ing  s m a l l  d e n se  
r ib o s o m a l  p a r t i c l e s  w e r e  s e e n  in  the  p e r i v a s c u l a r  sp ac e  ( F ig u r e  4).
A lv e o la r  type  I c e l l  c y to p la s m ic  e x te n s io n s ,  fo r m in g  a c o n ­
tinuous  l in in g , r e s t e d  upon the  a lv e o la r  b a s e m e n t  m e m b r a n e .  S om e 
l a r g e  p in o cy to tic  v e s ic l e s  w e re  ev id en t  in  the e p i th e l ia l  in v e s tm e n ts  
( F ig u r e s  5, 6, and 7). D e n se  r ib o s o m a l  p a r t i c l e s  w ith in  th e  e p i th e ­
l iu m  w e re  o b s e r v e d  in F i g u r e s  4 and 7. An a lv e o la r  type  II c e l l ,  
r e s t in g  d i r e c t ly  upon the  u n d e r ly in g  b a s e m e n t  m e m b ra n e  w ith  no i n ­
te rv e n in g  c e l l  l a y e r  in te r p o s e d ,  w as s e e n  in  F ig u r e  6.
The p u lm o n a ry  m a c r o p h a g e  co n ta in ed  m an y  in c lu s io n  b o d ies  
of v a ry in g  sh a p e s  and  d e n s i t i e s  in  a d d it io n  to  o th e r  n o r m a l  c e l l u l a r  
o rg a n e l le s  (F ig u r e  7). T he  r ib o n u c le o p ro te in  p a r t i c l e s  w e r e  q u ite  
abundan t in  th is  p a r t i c u l a r  m a c r o p h a g e .  A lthough  the  m a c r o p h a g e  
a p p e a re d  to  fo r m  p a r t  of the  e p i th e l ia l  l in in g , it  w as s e p a r a t e d  f r o m  
th e  u n d e r ly in g  b a s e m e n t  m e m b r a n e  by th e  a t te n u a te d  a lv e o l a r  type  I 
c y to p la sm ic  b o r d e r .
T he  h i s to c h e m ic a l  and  c y to lo g ic a l  s tu d ie s  a u g m e n te d  the  u l t r a -  
s t r u c t u r a l  f ind ings  in th is  c a s e .  The G o m o r i  and p e r io d ic  a c id - F o o t  
te c h n iq u e s  fo r  r e t i c u lu m  d e f in i te ly  show ed  an  i n c r e a s e  in  the  r e t i c u ­
l a r  f ib e r  con ten t .  T he  e l a s t i c  t i s s u e ,  v is u a l iz e d  by the  o r c e in  m e th o d ,  
d id  no t show any a p p r e c ia b le  i n c r e a s e .  T he  co l la g en  f ib e r s  a p p e a r e d
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s l ig h t ly  i n c r e a s e d  in  the  M a s s o n - ty p e  t r i c h r o m e  p r e p a r a t io n s .  The 
g a l lo c y a n in -c h ro m e  a lu m , the  F e u lg e n ,  and the  m e th y l  g r e e n -p y ro n in  
m e th o d s  in d ic a ted  th a t  th e r e  w as  an a p p re c ia b le  i n c r e a s e  of m e s e n c h y ­
m a l  c e l l s  w ith in  th e  se p ta l  w a l ls .
C a s e  III
A c q u i re d  m i t r a l  s t e n o s i s  w ith  p u lm o n a ry  h y p e r te n s io n  w as 
d ia g n o s t ic a l ly  d e te r m in e d  in  th is  p a t ien t .
The e n d o th e l ia l  c y to p la s m ic  lin ing  did a p p e a r  to  show an  in ­
c r e a s e  in  th ic k n e s s  ( F ig u r e s  8, 10, and 11). R ib o s o m e s  and n u m e r ­
ous s m a l l  v e s ic le s  w e re  o b s e r v e d  in the  in v es t in g  c y to p la sm  in  a l l  
in s ta n c e s  ( F ig u r e s  8, 9, 10, and 11). In te rd ig i ta t io n s  th a t  fo r m e d  
an open  c h an n e l  b e tw een  th e  c a p i l l a r y  lu m e n  and th e  c a p i l l a r y  b a s e ­
m e n t  m e m b r a n e  w e re  o b s e rv e d  b e tw een  con tiguous c e l l  b o u n d a r ie s  
(F ig u re  11).
Both  b a s e m e n t  m e m b r a n e s  w e re  e x te n s iv e ly  th ic k e n e d  in  th is  
c a s e  of a c q u i r e d  m i t r a l  s te n o s i s  ( F ig u r e s  8, 9, 10, and  11). The  
d e m a r c a t io n  b e tw een  the  la m in a  d e n s a  and the  la m in a  lu c id a  of the  
b a s e m e n t  m e m b r a n e s  w as lack in g  in  m o s t  a r e a s  ( F ig u r e s  8, 9, and 
11). A lthough  the  b a s e m e n t  m e m b r a n e  a p p e a re d  v e ry  h o m o g en eo u s ,  
co llag en , e l a s t i c  and  r e t i c u l a r  f ib e r s  w e re  o b s e rv e d  w h ich  au g m en ted  
the  p ro m in e n t  th ick en in g  of th e  s e p ta l  w a l l  ( F ig u r e s  8, 9, and 10). 
M e s e n c h y m a l  c e l l  com p o n en ts  w e re  c lo se ly  a d h e r e n t  to  th e  a lv e o la r  
b a s e m e n t  m e m b r a n e s  in F ig u r e s  8 and 9. R ib o so m a l  p a r t i c l e s  w e re
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a g a in  d i s c e r n e d  in th e se  c e l l u l a r  p o r t io n s  ( F ig u r e s  8, 9, and 10).
V é s ic u la t io n  and v a c u o l iz a t io n  of the  a lv e o l a r  type  I c e l l  w e re  
o b s e r v e d  ( F ig u r e s  8, 9, 10, and  11). H o w ev e r ,  the  e p i th e l ia l  i n v e s t ­
m e n t  w as  no t in c r e a s e d  in  w idth .
H is to c h e m ic a l  and  c y to lo g ica l  s tu d ie s  w e r e  no t o b ta in e d  in th is  
c a s e  due  to  the  s m a l l  s iz e  of the  lung b io p sy  p r o c u r e d .
C a s e  IV
T h is  p a t ie n t  w as  c l in ic a l ly  d ia g n o se d  a s  h av in g  p a te n t  d uc tus  
a r t e r i o s u s  w ith  p u lm o n a ry  h y p e r te n s io n .  The f in a l  p a th o lo g ic  d ia g ­
n o s is  w as  a t r e s i a  of a le f t  co m m o n  p u lm o n a ry  ve in , a  s m a l l  i n t e r ­
v e n t r i c u l a r  s e p ta l  d e fe c t ,  e n la r g e m e n t  of the  p u lm o n a ry  a r t e r y ,  and 
h y p e r t r o p h y  of the  r ig h t  a t r i u m  and  the  r ig h t  v e n t r i c l e .
The lu m e n  of the b lood v e s s e l  in F ig u r e  13 d e p ic te d  two e n d o ­
th e l ia l  c e l l s .  T h is  w as su g g e s t iv e  of a  m a r k e d  e n d o th e l ia l  p r o l i f e r a ­
t io n  s in c e  n o rm a l ly  only o c c a s io n a l  n u c le i  w e r e  s e e n .  T h is  i n t e r p r e ­
ta t io n  w as  fo r t i f ie d  by l ig h t  m ic r o s c o p ic  s tu d ie s  of c y to lo g ic a l  m a t e ­
r ia l .  T he  en d o th e l ia l  c y to p la sm  c o n ta in ed  ab undan t r i b o s o m a l  p a r t i ­
c le s  and  m a n y  v acu o le s .
T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  show ed  m in im a l  th ic k e n ­
ing, w h e r e a s  the a lv e o l a r  b a s e m e n t  m e m b r a n e  a p p e a r e d  e s s e n t i a l ly  
n o r m a l  ( F ig u r e  13). In  F i g u r e  12, a  n u c le a te d  m e s e n c h y m a l  c e l l  
w as  s e e n  in  c lo s e  p r o x im i ty  to  the  a lv e o l a r  b a s e m e n t  m e m b r a n e .
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T he p e r i v a s c u l a r  sp ac e  w as  m a r k e d ly  d i la te d  in th is  c a s e .  
E d e m a to u s  co n d it io n s  h ad  s e p a r a t e d  the  d e n se ly  p a c k e d  co llag en o u s  
and  e l a s t i c  e le m e n ts  w h ich  w e r e  d e f in i te ly  i n c r e a s e d  in  am o u n t 
( F ig u r e s  12 and  13). T he  m e s e n c h y m a l  c e l l  co n ta in ed  n u m e ro u s  r i b o ­
so m e s  and  a  w e l l -d e f in e d  G olgi zone ( F ig u r e  12).
T he  a lv e o l a r  type  I c e l l  co n ta in ed  n u m e ro u s  v acu o le s  an d  v e s i ­
c l e s ,  so m e  of w h ich  w e r e  c lo s e ly  a d h e r e n t  to  th e  a lv e o la r  b a s e m e n t  
m e m b r a n e  ( F ig u r e  13). R ib o s o m e s  and  m i to c h o n d r ia  w e re  i n f r e ­
quen tly  s e e n  in  th e  e p i th e l ia l  c y to p la sm  ( F ig u r e s  12 and  13). O th e r  
th a n  the  s i t e s  of v a c u o l iz a t io n ,  th e  co n tinuous  e p i th e l ia l  l in ing  did  not 
a p p e a r  to  be in c r e a s e d  in  w id th .
T he  u l t r a  s t r u c t u r a l  o b s e r v a t io n s  w e r e  a u g m e n te d  and c l a r i f i e d  
by h i s to c h e m ic a l  and  c y to lo g ic a l  s tu d ie s .  The  v e s s e l s  show ed m a r k ­
ed in t im a i  p r o l i f e r a t i o n  and  an  e x t r e m e ly  l a r g e  a m o u n t  of r e t i c u l a r  
f ib e r s  w e r e  o b s e r v e d  in v e s t in g  th e  c a p i l l a r i e s .  B o th  th e  o r c e in  
and  a ld e h y d e - fu c h s in  m e th o d s  fo r  e l a s t i c  t i s s u e  d e p ic te d  a s u b s t a n ­
t i a l  i n c r e a s e  in e l a s t i c  t i s s u e  w ith in  the  s e p ta l  w a l l s .  The c o n n ec tiv e  
t i s s u e  s ta in s ,  M a s s o n - ty p e  and  K oneff, show ed an  i n c r e a s e  in c o l l a ­
gen  d e p o s i t io n ,  but a  m o r e  d e l ic a te  f ib ro u s  e le m e n t ,  thought to  be 
r e t i c u l a r  f i b e r s ,  w e r e  e v en  m o r e  ev id en t .  The a lk a l in e  f a s t  g r e e n  
m e th o d  fo r  h i s to n e s ,  th e  F e u lg e n  fo r  d e o x y r ib o s e n u c le ic  a c id ,  the  
g a l lo c y a n in - c h ro m e  a lu m  and  th e  T u r c h in i  fo r  n u c le ic  a c id s  in d ic a ­
te d  a  s u b s ta n t ia l  i n c r e a s e  of c e l l s  w ith in  th e  s e p ta l  w a ll .  E n z y m e
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s tu d ie s ,  inc lud ing  d i -  and  t r i -  p h o sp h o p y r id in e  n u c leo t id e  r e d u c ta s e ,  
e s t e r a s e ,  a c id  and  a lk a l in e  p h o s p h a ta s e s ,  gave  p o s i t iv e  r e s u l t s  in  
th e se  c e l l s  and w e r e  h e lp fu l  in  d is c e rn in g  th e  i n c r e a s e d  c e l l u la r i ty  
in the  s e p ta l  w a ll .  In  th e  p r e p a r a t io n s  s ta in e d  fo r  ty r o s in e  by th e  
d iazocoup ling  r e a c t io n ,  m a n y  g ra n u le s  w e re  o b s e r v e d  w ith in  the  s e p ­
ta l  c e l l s .  A P r u s s i a n  b lue  fo r  h e m o s id e r in  gave  the  s a m e  s ta in in g  
d is t r ib u t io n  of the  p o s i t iv e  g r a n u la r  m a t e r i a l .
C a s e  y
T h is  p a t ie n t  h a d  c o n g en ita l  a o r t i c  s t e n o s i s  w ith  m ild  p u lm o ­
n a ry  h y p e r te n s io n .
T he  n o r m a l ly  n a r r o w  en d o th e l ia l  l in in g  a p p e a re d  s l ig h t ly  th ic k ­
ened  w ith  i n c r e a s e d  v a cu o l iza t io n  and  v é s ic u la t io n  ( F ig u r e s  14, 15, 17, 
and 18). In  th e s e  s a m e  f ig u r e s ,  th e r e  w e re  l a r g e ,  i r r e g u l a r  s p a c e s  
n e a r  the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  w h ich  a p p e a re d  to  co n ta in  a 
f i b r i l l a r  o r  r e t i c u l a r  s u b s ta n c e  ( F ig u r e s  14, 15, 17, and 18). R e ­
f e re n c e  w as p a r t i c u l a r l y  c a l le d  to  F ig u r e  18 in  w h ich  an  a p p a r e n t  
change w as  n o ted  w ith in  the  en d o th e l ia l  c y to p la sm . F i n g e r - l i k e  c y to ­
p la s m ic  e x te n s io n s  and  a  f ib e r  bundle  r e s e m b l in g  c o l la g en  w e r e  both  
s e e n  in  the  c l e a r  a r e a  n e a r  the  c a p i l l a r y  b a s e m e n t  m e m b r a n e .
In  th is  c a s e ,  th e  c a p i l l a r y  b a s e m e n t  m e m b r a n e  w as  so m ew h a t 
th ick en ed . In  F ig u r e s  15 and  17, i t  lo o k ed  a t te n u a te d  a t  one p o in t  but 
th is  could  have  b e e n  an  a r t i f a c t .  T he  a lv e o l a r  b a s e m e n t  m e m b r a n e  
w as  w ith in  n o r m a l  l i m i t s ,  and  in m a n y  in s ta n c e s  had  a  m e s e n c h y m a l
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c e l l  p o r t io n  c lo se ly  a p p o sed  ( F ig u r e s  15, 16, 17, and  18).
The p e r iv a s c u l a r  sp ace  of the a lv e o la r  s e p ta l  w all w as  w idened  
w ith  i n c r e a s e d  a m o u n ts  of c o l la g e n  (F ig u re  18) and  e la s t ic  f ib e r s  (F ig u re  
14) and sw e llin g  p ro b a b ly  due to  e d e m a  ( F ig u r e s  14, 15, 16, 17, and  18). 
In  th e  a lv e o l a r  s e p ta  of F ig u r e  15, two f ib r o b la s t i c  type  c e l l s  w e r e  o b ­
s e r v e d  f r o m  w hich  th in  c y to p la sm ic  p r o c e s s e s  ex ten d ed  in to  the  s u r ­
round ing  p e r i v a s c u l a r  s p a c e s .  In  F ig u r e s  17 and 18, le u c o c y te s  w e re  
s e e n  w ith in  the  s e p ta l  w a ll .  L ig h t  m ic r o s c o p ic  o b s e r v a t io n s  s u b s ta n ­
t ia te d  the  f ind ings  of abundan t c e l l s  in  the  p e r i v a s c u l a r  sp ac e .
The a lv e o la r  type  I c e l l s  w e r e  no t i n c r e a s e d  in  w id th , but th e r e  
w e re  a  few p ino cy to tic  v e s ic le s  ( F ig u r e s  15 and 17) and in n u m e ra b le  
s m a l l e r  v e s ic l e s  p r e s e n t  ( F ig u r e s  14, 15, 16, 17, and 18). The  a lv e o ­
l a r  type  II c e l l  (F ig u re  16) c o n ta in ed  n u m e ro u s  o s m io p h i l ic  in c lu s io n s  of 
va ry in g  co n f ig u ra t io n s  and r e s t e d  d i r e c t ly  upon the  a lv e o la r  b a s e m e n t  
m e m b r a n e .
In th e  cy to lo g ica l  and h i s to c h e m ic a l  p r e p a r a t io n s ,  the  r e t i c u lu m  
a p p e a re d  to  be i n c r e a s e d  in  am o u n t  and  the  c a p i l l a r i e s  w e re  p a r t i c u l a r ­
ly  w e l l - in v e s te d  w ith  fine  r e t i c u l a r  f ib e r s .  The e l a s t i c  s ta in s :  o r c e in ,  
a ld e h y d e - fu c h s in ,  and  V e rh o e f f  h e m a to x y l in ,  d id  no t show any d e m o n ­
s t r a b le  i n c r e a s e  in  the  e la s t i c  f ib e r  c o n ten t  e x ce p t  in  o c c a s io n a l  t h i c k ­
ened  s e p ta l  w a l l s .  In  th e s e  th ic k e n e d  a r e a s ,  the  e l a s t i c  s ta in s  d id  show 
an  a m o rp h o u s  type  of d ep o s i t io n .  In  the  G o ld n e r  and  M a s s o n  p r e p a r a ­
t io n s ,  the  c o llag en  a p p e a re d  to  be p a le ly  s ta in e d  and  w as  s l ig h t ly  i n ­
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c r e a s e d  in  am o u n t.  In  th e s e  a r e a s ,  the  e d e m a to u s  t r a n s u d a te  a p p e a re d  
fu c h s in o p h il ic  and  m a s k e d  the  c o l la g en  s ta in in g .  C o lla g e n  a p p e a r e d  to  
be  m o r e  ab u n d an t and  w as  w e ll  s ta in e d  ev en  in th e  e d e m a to u s  a r e a s  in 
the  Van G ie se n  p r e p a r a t io n s .  T he  T u r c h in i ,  g a l lo c y a n in - c h ro m e  a lu m , 
a lk a l in e  f a s t  g re e n ,  and  F e u lg e n  m e th o d s  d id  d e m o n s t r a t e  m in im a l  c e l l ­
u l a r  i n c r e a s e  in  th e  w a ll ,  but th e  th ic k n e s s  of the  s e p ta l  w a l l  w as  no t 
a lw ay s  a s s o c ia te d  w ith  th is  i n c r e a s e d  c e l l u la r i ty .  T he  th ic k e n in g  of 
the  s e p ta l  w all a p p e a re d  to  be m o r e  d ep en d e n t  on th e  e d e m a to u s  s w e l l ­
ing p r e s e n t .  A ty p ic a l  la y e r in g  e ffec t  w as  n o ted  in  the  g a l lo c y a n in -  
c h ro m e  a lu m  p r e p a r a t io n s .  The s e p ta l  c e l l s  a p p e a r e d  p u sh e d  to  th e  e p i ­
th e l ia l  b o r d e r s  w ith  a  hollow  e d e m a to u s  a r e a  occupy ing  th e  c e n t e r  of the  
w all .
C a s e  VI
T h is  c a s e  w as  a  p a t ie n t  w ith  a c q u i r e d  m i t r a l  s t e n o s i s  and  m i n i ­
m a l  m i t r a l  in su ff ic ien cy .
T he  lu m e n  of the  c a p i l l a r y  w as  l in e d  by e n d o th e l iu m  w h ich  w as  
qu ite  g r a n u la r  and  v e s ic u la te d .  A s l ig h t  i n c r e a s e  in  w id th  w as  d i s ­
c e r n e d  ( F ig u r e s  19, 20, and 21).
T he  b a s e m e n t  m e m b r a n e s  of th e  c a p i l l a r i e s  w e re  th ic k e n e d  c o n ­
s id e r a b ly  ( F ig u r e s  19, 20, and  21). T he  a lv e o l a r  b a s e m e n t  m e m b r a n e ,  
w hen  s e p a r a t e ,  w as  a l s o  th ic k e n ed  in  w id th . In  F i g u r e s  19 and  21, c o n ­
tinuous  c a n a ls  in te rd ig i t a te d  b e tw een  the  e n d o th e l ia l  c e l l s  a l lo w in g  c o n ­
ta c t  b e tw een  the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  and th e  c a p i l l a r y  lu m e n .
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The p e r i v a s c u l a r  sp ace  w as  m a r k e d ly  w id en ed  in  F i g u r e s  19 and 
21. I n c r e a s e d  d e p o s i t io n  of both  c o l la g e n  and  e la s t i c  f ib e r s  w e re  i n ­
vo lved  in  th is  th ick e n in g .  In  F ig u r e  19, th e  a m o rp h o u s  m a t e r i a l ,  w h ich  
w as  i n t e r p r e t e d  a s  a l t e r e d  e l a s t i c  f ib e r  t i s s u e ,  w as  v e ry  sm udgy  w ith  
no c l e a r  d e l in e a t io n  of b o r d e r s .  M e s e n c h y m a l  c e l l s  w e r e  o b s e r v e d  in 
a p p o s i t io n  w ith  the  a lv e o l a r  b a s e m e n t  m e m b r a n e  ( F ig u re  21). The c e l l  
in  F ig u r e  19 h ad  u n u s u a l  in c lu s io n  b o d ie s .  In  c r o s s  s e c t io n  they  a p p e a r ­
ed a s  c y l in d e r s  of s y m m e t r i c a l  s iz e  and  in lo n g i tu d in a l  s e c t io n  they  
a p p e a r e d  a s  s h o r t  r o d s  w ith  two o u te r  o s m io p h i l ic  b o r d e r s  and  an  in n e r  
o sm io p h o b ic  c e n t e r .  T h e s e  in c lu s io n s  r e s e m b l e d  th o se  s e e n  in  th e  m a s t  
c e l l  in  F ig u r e  3.
R ib o s o m a l  p a r t i c l e s  and v e s ic l e s  w e re  o b s e r v e d  in  th e  a lv e o l a r  
type  I c e l l .  T h e r e  w as  no in c r e a s e d  v a c u o l iz a t io n  o r  p r o m in e n t  t h i c k ­
en ing  of th is  l a y e r .
The G o m o r i  and  p e r io d ic  a c id - F o o t  te c h n iq u e s  show ed a  m in im a l  
r e t i c u l a r  f ib e r  i n c r e a s e  a t  th e  l ig h t  m ic r o s c o p i c  le v e l .  E l a s t i c  t i s s u e  
p r e p a r a t i o n s  d id  in d ic a te  in c r e a s e d  a m o u n ts  of e l a s t i c  d e p o s i t io n .  T he 
co n n ec t iv e  t i s s u e  s ta in s  ex h ib ited  m in im a l  i n c r e a s e d  a c c u m u la t io n  of 
co l la g en .  M ild ly  i n c r e a s e d  c e l l u la r i ty  w ith in  the  s e p ta l  w a l ls  w e r e  
d e m o n s t r a t e d  by th e  T u rc h in i ,  a lk a l in e  f a s t  g r e e n ,  and  m e th y l  g r e e n -  
p y ro n in  t e s t s .
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C a se  V n
T he  d iag n o s is  of the  p a t ie n t  w as  a c q u i r e d  m i t r a l  s te n o s i s ,  m o d ­
erate; m i t r a l  in su ff ic ien cy  and m o d e r a te  a o r t i c  in su f f ic ie n cy .
T he  en d o th e l ia l  c e l l  l a y e r  w as m a rk e d ly  w idened  w ith  in c r e a s e d  
v é s ic u la t io n  and v a cu o l iza t io n ,  w h ich  m a y  have  b e en  due in  p a r t  to  the 
g r o s s  p u lm o n a ry  e d e m a  p r e s e n t  ( F ig u r e s  22, 23, and  24).
B o th  the  c a p i l l a r y  and  a lv e o l a r  b a s e m e n t  m e m b r a n e s  w e re  in ta c t  
even  though  the  a lv e o la r  s p a c e s  co n ta ined  r e d  b lood c e l l s  and  cop ious  
t r a n s u d a te .  The c a p i l l a r y  b a s e m e n t  m e m b ra n e  w as  m a r k e d ly  th ick en ed  
( F ig u r e s  22, 23, and 24). In  F ig u r e  22, a  p o r t io n  of m e s e n c h y m a l  ce l l  
c y to p la s m  w as s e e n  e m b ed d ed  in the h o m ogeneous  m a t r i x  of the c a p i l ­
l a r y  b a s e m e n t  m e m b r a n e .  The a lv e o la r  b a s e m e n t  m e m b r a n e  w as  a t t e n ­
u a ted  in  so m e  in s ta n c e s  (F ig u r e  22) due to  the  e d e m a  p r e s e n t .  I t  w as 
a g a in  n o ted  th a t  the a lv e o la r  b a s e m e n t  m e m b r a n e s  w e r e  c lo s e ly  a p p o sed  
to  m e s e n c h y m a l  c e l l s  ( F ig u r e s  22, 23, and  24).
A  p re p o n d e ra n c e  of c o llag en o u s  e le m e n ts ,  w h ich  g r e a t ly  th ic k ­
ened  th e  a i r - b lo o d  b a r r i e r ,  f i l le d  the  p e r iv a s c u la r  sp ac e  ( F ig u r e s  22, 23, 
and 24). In  the  m e s e n c h y m a l  c e l l s ,  l a r g e  p in o cy to t ic  v a c u o le s  show ed a 
d e m o n s t r a b le  in c r e m e n t  ( F ig u r e  23).
In  one in s ta n c e ,  th e  e p i th e l ia l  c e l l  l in ing  w as  n o t  e v id en t  ( F ig u r e s  
22 and 23). T h is  w as p ro b a b ly  a  d e le t e r io u s  r e s u l t  of the  t r a n s u d a t iv e  
f lu id  p r e s s u r e  in  th e  a lv e o l i .  O th e rw is e ,  p in o c y to tic  v a c u o l iz a t io n  w as
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w as  the  only r e m a r k a b le  finding in  the  a lv e o la r  type  I c e l l  l in ing  
(F ig u re  22). In  F ig u r e  24, a t te n t io n  w as  c a l le d  to  a  fa t  e m b o lu s  w hich  
could  have  been  re s p o n s ib le  fo r  th e  e d e m a to u s  con d it io n  in  th is  t i s s u e .
The G o m o ri  r e t i c u lu m  s ta in  d e m o n s t r a t e d  a t r e m e n d o u s  in ­
c r e a s e  of r e t i c u l a r  f ib e r s  in  the  a lv e o la r  w a l ls .  A c o n c o m ita n t  in ­
c r e a s e  in e la s t i c  and c o l la g en  f ib e r s  w e re  l ik e w ise  s e e n  in  th e  o rc e in ,  
a ldehyde  - f uch  s i n , Koneff, G o ld n e r ,  and  Van G ie se n  p r e p a r a t i o n s .  The 
c e l lu la r i ty  w as no t m a rk e d ly  en h an ced  w ith in  the  s e p ta l  w a ll .  H ow ever, 
in  th e  g a l lo c y a n in -c h ro m e  a lu m  and T u rc h in i  s e c t io n s ,  a  l a y e r  of cu -  
bo ida l e p i th e l ia l  c e l l s  w as  s e e n  l in ing  the  a lv eo l i .
C a s e  v m
T his  p a t ie n t  had  a  d ia g n o s is  of p a te n t  d uc tus  a r t e r i o s u s  w ith  
r e v e r s a l  of flow and p u lm o n a ry  h y p e r te n s io n .
T he lu m e n  of the  c a p i l l a r y  w as  co n tin u o u s ly  l in e d  by e n d o th e ­
l i a l  c e l l s .  The c y to p la sm  a p p e a r e d  s l ig h t ly  th ic k e n e d  and s e v e r a l  
l a r g e  p inocy to tic  v acu o le s  and  n u m e r o u s  v e s ic l e s  w e r e  o b s e r v e d  
( F ig u r e s  25 and 27). O c c a s io n a l ly  a  m i to c h o n d r io n  w a s  s e e n  in  c y to ­
p la s m ic  e x ten s io n s  of the  en d o th e l ia l  c e l l  (F ig u re  25). T h e r e  w as  no 
fo rm e d  e n d o p la sm ic  r e t i c u lu m ,  only r ib o s o m a l  p a r t i c l e s  w e re  ev iden t .
B oth  the  c a p i l l a r y  en d o th e l ia l  and  th e  p u lm o n a ry  e p i th e l ia l  c e l l s  
r e s t e d  on d i s t in c t  b a s e m e n t  m e m b r a n e s  ( F ig u r e s  25, 26, 27, and  28). 
T he  c a p i l l a r y  and  a lv e o la r  b a s e m e n t  m e m b r a n e s  w e r e  a p p ro x im a te d
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and  c o a le s c e d  in  F ig u r e  25. T h e r e  w a s  no  a p p r e c ia b le  s iz e  i n c r e a s e  
in  the  b a s e m e n t  m e m b r a n e s  in th is  c a s e  ( F ig u r e s  25, 26, 27, and  28).
The p e r i v a s c u l a r  sp ac e  c o n ta in ed  an  i n c r e a s e d  a m o u n t  of r e t i c u ­
l a r  f ib e r s  and  c o l la g e n  w ith  i ts  c h a r a c t e r i s t i c  p e r io d ic i ty .  T h is  w as  
m o r e  p ro m in e n t ly  p ro n o u n c e d  in  F ig u r e  28, w h ich  w as  a  lo n g i tu d in a l  
s e c t io n  of an  a lv e o l a r  c a p i l l a r y  w a ll .  O c c a s io n a l  c e l l u l a r  c o m p o n en ts  
w e r e  n o ted  in  the  p e r i v a s c u l a r  sp ac e  ( F ig u r e s  25, 26, and  28). In  one 
in s ta n c e ,  th e  p e r i v a s c u l a r  sp a c e  w as  s e e n  to  be l in e d  by a  c e l l  r e s e m ­
bling  the  e n d o th e l ia l  c e l l  w hich  l in e d  the  c a p i l l a r y  ( F ig u r e  27). T h e r e  
w as  a l s o  a  f r e e  c e l l ,  p ro b a b ly  a  m a c r o p h a g e  w ith  an  in g e s te d  r e d  blood 
c e l l ,  in the  sp ac e .  T he p e r i v a s c u l a r  s p a c e  w a s  no ted  to  c o n ta in  d e n s e ­
ly  p ack ed  c o l la g en  and  e la s t i c  f i b e r s .  I t  h a s  b e e n  s u g g e s te d  th a t  the  
p e r i v a s c u l a r  sp ac e  m a y  fu nc tion  a s  a  ly m p h a t ic  c h an n e l  a t  th is  le v e l  of 
the  r e s p i r a t o r y  t i s s u e .  The only v e s ic l e s  n o ted  in  th i s  a r e a  w e r e  found 
in  th e  c y to p la sm ic  e x te n s io n s  of th e  m e s e n c h y m a l  c e l l s .
N u m e ro u s  v e s i c l e s  w e r e  s e e n  in  th e  e p i th e l ia l  l a y e r  s o m e  of 
w h ich  a p p e a r e d  to  a b u t  on the  a lv e o l a r  b a s e m e n t  m e m b r a n e  ( F ig u r e  25). 
T he  a lv e o la r  type  11 c e l l  w as  s e e n  in  F ig u r e  26. I t  w as  c h a r a c t e r i z e d  
by d e n se  la m in a te d  s t r u c t u r e s ,  the  in c lu s io n  b o d ie s ,  an d  m ic r o v i l l i .
I t s  c y to p la s m  did  n o t  f o r m  ten u o u s  c y to p la s m ic  e x te n s io n s  a s  c o m p a r e d  
to  th e  a lv e o l a r  type  1 c e l l .  I t  r e s t e d  upon  th e  a lv e o l a r  b a s e m e n t  m e m ­
b ra n e .  T h is  c e l l ,  l ik e  th a t  of th e  a lv e o l a r  ty p e  1 c e l l ,  d id  n o t  h a v e  a  
f o r m e d  e n d o p la s m ic  r e t ic u lu m ,  bu t m a n y  r ib o s o m e s  w e r e  e v id en t .
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T he f r e e  a lv e o la r  c e l l  had an  abundan t c y to p la sm  w hich  c o n ta in ­
ed n u m e ro u s  r ib o s o m e s ,  in c lu s io n  b o d ie s ,  m i to c h o n d r ia ,  and m i c r o ­
v i l l i  (F ig u re  28). I t  w as  no ted  th a t  so m e  of th e  in c lu s io n  b o d ies  w e re  
found f r e e  in  th e  a lv e o l a r  s p a c e .  In  th is  f r e e  m a c r o p h a g e ,  one in c lu ­
s ion  body a d ja c e n t  to  the  c y to p la sm ic  b o r d e r ,  w as  su g g es t iv e  of e i th e r  
an  e x t r u s iv e  o r  p h a g o cy t ic  a c t iv i ty  of th e  m a c r o p h a g e .
H is to c h e m ic a l  s tu d ie s  w e re  not a v a i la b le  fo r  th is  c a s e ,  s in ce  
th e  b io p sy  s p e c im e n  s iz e  w as  only a d eq u a te  fo r  e l e c t r o n  m ic r o s c o p ic  
s tu d ie s .
C a se  IX
T his  p a t ie n t  h ad  m i t r a l  s te n o s is  p ro b a b ly  of rh e u m a t ic  o r ig in .  
R e m a r k a b le  e n d o th e l ia l  sw e lling  w as  found in F ig u r e  30, c o n co m itan t  
w ith  an  in c r e a s e  in  s m a l l  c y to p la sm ic  v e s ic l e s  w h ich  w e re  s e e n  m o r e  
ab u ndan tly  a t  the  e n d o th e l ia l  p la s m a  m e m b r a n e .  L a r g e  p in o cy to t ic  
v a cu o le s  w e r e  a l s o  no ted .  Two d a rk ly  s ta in in g  b o d ies  w e re  o b s e r v e d  
in  th e  e n d o th e l ia l  c y to p la sm . One of th e s e  b o d ie s  w as  e n c lo se d  by a 
double  m e m b r a n e  w h e r e a s  the  o th e r  a p p e a re d  to  be in v e s te d  by only a  
s in g le  m e m b r a n e .  T h e  id e n t i f ic a t io n  and  s ig n if ic a n c e  of th e s e  b od ies  
w e re  u n d e te r m in e d .  T he  e n d o th e l ia l  l in ing  in  F ig u r e  29 w as  n o t  r e ­
m a r k a b ly  d i f f e r e n t  f r o m  th o s e  o b s e r v e d  in  o th e r  c a s e s  of m i t r a l  s t e n o ­
s is .
T he  b a s e m e n t  m e m b r a n e s  w e re  fu se d  in  F ig u r e  20 and  w e r e
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m a r k e d ly  th ick en ed . The c a p i l l a r y  b a s e m e n t  m e m b r a n e  w as w e l l - d e f in ­
ed  and i n c r e a s e d  in w idth in F ig u r e  30.
F in e  r e t i c u l a r  f ib e r s  (F ig u re  29) and e la s t i c  f ib e r s  ( F ig u r e  30) 
w e r e  o b s e r v e d  in  the  p e r iv a s c u l a r  sp ac e .  H o w ev e r ,  th e  o v e r a l l  i n c r e a s e  
in  th ic k e n in g  w as  a t t r ib u te d  to the b a s e m e n t  m e m b r a n e  c o m p o n en ts  in 
th is  c a s e .  The m e se n c h y m a l  e le m e n ts  in F ig u r e  29 show ed  v a c u o l iz a ­
tion .
The e p i th e l ia l  co m p o n en ts  of the  p u lm o n a ry  s u r f a c e  e p i th e l iu m  
in th is  in s ta n c e  w e re  not a p p re c ia b ly  w idened  (F ig u re  29).
T he  r e t i c u l a r ,  co llag en , and e la s t ic  f ib e r s  w e r e  in c r e a s e d  in 
am o u n t a s  d e m o n s t r a t e d  by the  cy to lo g ica l  m e th o d s .  A m a r k e d  c e l l u ­
l a r i t y  w as  o b s e rv e d  in  the  F e u lg e n ,  T u rc h in i ,  and m e th y l  g re e n - p y r o n in  
h i s to c h e m ic a l  t e s t s .  In the  G o ld n e r  and M a s so n  s ta in e d  p r e p a r a t io n s ,  
in t im a i  p r o l i f e r a t i o n  w as no ted  in  the s m a l l  a r t e r i o l e s .  In  so m e  in s ta n c e s ,  
the  lu m e n  w as m a rk e d ly  c o m p ro m is e d .
C a s e  X
A d ia g n o s is  of a c q u i r e d  in t e r v e n t r i c u l a r  s e p ta l  d e fe c t  w ith  a 
m i ld  to  m o d e r a te  le f t  to  r ig h t  shun t w as  d e te r m in e d  in  th is  c a s e .
T he  c a p i l l a r ie s  show ed v e ry  p ro m in e n t  e n d o th e l ia l  c e l l  th ic k e n ­
ing . In n u m e ra b le  v e s ic le s  w e re  no ted  th ro u g h o u t th e  c y to p la s m  ( F ig u r e s  
31, 32, an d  33), h o w e v e r ,  no  l a r g e  p in o cy to t ic  v a c u o le s  w e r e  ev iden t .
B oth  the  c a p i l l a r y  and  a lv e o la r  b a s e m e n t  m e m b r a n e s  exh ib ited
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ou ts tan d in g  i n c r e a s e s  in  th ic k n e s s  ( F ig u r e s  31, 32, and  33). Som e 
d i s p e r s e d  c o llag en o u s  and r e t i c u l a r  e le m e n ts  fu se d  in to  the  b a s e m e n t  
m e m b r a n e  in v e s tm e n ts .
M e s e n c h y m a l  c e l l  d e r iv a t iv e s  w e re  co m m o n ly  e n c o u n te re d  
th ro u g h o u t  th e  p e r i v a s c u la r  sp ace .  A fa t in c lu s io n  w as  o b s e r v e d  in  
th e  m e s e n c h y m a l  e le m e n t  in  F ig u r e  33. C o llag en  and  r e t i c u l a r  f ib e r  
d e p o s i t io n  w e r e  no t m a rk e d ly  p ro n o u n c e d  in th e s e  f ig u r e s  ( F ig u r e s  31, 
32, and 33).
T he  a lv e o la r  type  I c e l l  l in in g  did  show so m e  i n c r e a s e  in 
w idth . M any  s m a l l  v e s ic le s  w e re  i n t e r s p e r s e d  th ro u g h o u t  th e  c y to ­
p la s m .  T he  a lv e o la r  type  II c e l l  in  F ig u r e  32 w a s  d e p ic te d  w ith  m i c r o ­
v i l l i  but no in c lu s io n  b o d ies  w e re  p r e s e n t  in  the  f ie ld .  U n d e r ly in g  th e  
a lv e o la r  type  II c e l l ,  v a cu o l iza t io n  w as  n o ted  and  the  a lv e o l a r  b a s e ­
m e n t  m e m b r a n e  w as m a rk e d ly  a t te n u a te d  ( F ig u r e  32).
T h e  r e t i c u l a r  n e tw o rk  show ed only a  m in im a l  i n c r e a s e  and 
the  c a p i l l a r i e s  w e re  no t w e l l - in v e s te d  w ith  r e t i c u lu m  in  th e  G o m o r i  
p r e p a r a t io n s .  S ig n if ican t  find ings  in  the  c o n n ec tiv e  t i s s u e  s tu d ie s  
d e m o n s t r a t e d  only a s l ig h t  i n c r e a s e  of d e l ic a te  c o l la g en o u s  f ib e r s  but 
so m e  a r e a s  of cubo ida l a lv e o la r  e p i th e l ia l  c e l l s  w e r e  o b s e r v e d .  The 
p u lm o n a ry  v e in s  showed an  a u g m en ted  d e p o s i t io n  of s m o o th  m u s c l e  f i ­
b e r s  in  the  G o ld n e r  p r e p a r a t i o n s .  C e l lu la r i ty  w ith in  th e  s e p ta l  w a l l  
w as  n e g l ig ib le  in th is  c a s e .
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C a s e  XI
T h is  p a t ie n t  w as  a  d ia b e t ic  who p r e s e n te d  in  c o n g es t iv e  h e a r t  
f a i lu r e  and  a th e r o s c l e r o t i c  h e a r t  d i s e a s e .
T he  e n d o th e l ia l  l in ing  d id  n o t  show an  in c r e m e n t  of v e s ic l e s  
o r  v a c u o le s  in  th is  c a s e ,  n o r  w as  th e r e  any w iden ing  of th e  in v e s t in g  
l a y e r .  T h e r e  w e re  two fa t  in c lu s io n s  o b s e r v e d  in  the e n d o th e l ia l  c y ­
to p la s m  in F ig u r e  34, O th e rw is e ,  the  e n d o th e l iu m  w as  u n r e m a r k a b le .
T h e r e  w as  no  in c r e a s e  in  w id th  in  e i t h e r  the a lv e o la r  o r  the  
c a p i l l a r y  b a s e m e n t  m e m b r a n e s .  T hey  bo th  a p p e a r e d  w e l l -d e l in e a te d .
The m o s t  p r o m in e n t  c h an g e s  w e r e  found in th e  p e r i v a s c u l a r  
a r e a .  In  a c r o s s  s e c t io n  of the  s e p ta l  w a l l  in  F ig u r e  34, n u m e ro u s  
c o l la g e n  f ib e r s  and  a  l a r g e  am o u n t of e l a s t i c  t i s s u e ,  w h ich  w as qu ite  
h o m o g en eo u s  and o s m io p h i l ic ,  w e r e  seen . T he  lo n g itu d in a l  s e c t io n  
of a  s e p ta l  w a l l  ( F ig u r e  35) w as  q u ite  r e m a r k a b l e  in  th a t  a  t r e m e n d o u s  
i n c r e a s e  of c lo se ly  p a c k e d  c o l la g e n  and e la s t i c  f ib e r s  w a s  o b s e rv e d .
T he  e la s t i c  t i s s u e  h a d  in d is t in c t  b o r d e r s  and  a p p e a r e d  a m o rp h o u s ,  
w h e r e a s  th e  c o l la g en  w as  w e l l - d e m a r c a t e d  and  had  i t s  ty p ic a l  p e r i o d i ­
c i ty .
T he  p u lm o n a ry  s u r f a c e  e p i th e l iu m  w a s  n o t  th ic k e n ed  and did  
n o t  show any  r e m a r k a b l e  v é s ic u la t io n .  T he  r ib o s o m e s  w e r e  c l e a r ly  
d e m o n s t r a t e d  by t h e i r  in te n s e  s ta in in g .
A lthough  th e  e l a s t i c  t i s s u e  w as  m a r k e d ly  en h an c e d  a t  the  u l t r a -  
s t r u c t u r a l  le v e l ,  th e  o r c e in ,  a ld e h y d e - fu c h s in ,  and  V e rh o e f f  h e m a to x y -
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l i n  p r e p a r a t io n s  show ed  only m in im a l  e la s t i c  f ib e r  d e p o s i t io n .  The 
co llag en o u s  e le m e n ts  w e re  v e ry  d e l ic a te ly  s ta in e d  in  th e  Koneff and 
M a s s o n  p r e p a r a t i o n s ,  and d id  no t a p p e a r  m a r k e d ly  i n c r e a s e d  in d e ­
p o s i t io n .  No h y p e r c e l lu l a r i t y  w ith in  the  s e p ta l  w a l ls  w as  n o ted  in the 
T u rc h in i  and  g a l lo c y a n in - c h ro m e  a lu m  p r e p a r a t i o n s .
C a s e  XII
T h is  p a t ie n t  w as  d ia g n o se d  a s  hav ing  e x te n s iv e  p u lm o n a ry  f i ­
b r o s i s  of unknown e tio logy .
T he  en d o th e l iu m  th a t  l in e d  the  lu m e n  of th e  c a p i l l a r y  did not 
a p p e a r  to  be i n c r e a s e d  in  w idth  ( F ig u r e s  36 and 37).
I t  w as  p o s s ib le  only to  d e p ic t  ty p ic a l  b a s e m e n t  m e m b r a n e s  in  
F ig u r e  37. In  th is  f ig u r e ,  the  a lv e o la r  b a s e m e n t  m e m b r a n e  w as  qu ite  
n a r r o w  and e x t r e m e ly  w e l l -d e l in e a te d .  I t  did n o t  a p p e a r  to  fu se  into 
th e  p e r i v a s c u la r  c o m p o n e n ts .  H o w ev e r ,  th e  a lv e o l a r  b a s e m e n t  m e m ­
b r a n e  a p p e a r e d  to  be d isco n t in u o u s  u n d e r  the  a lv e o l a r  type  II c e l l  in 
F ig u r e  37. I t  w as  f u r th e r  o b s e r v e d  th a t  a  sp ac e  r e s e m b l in g  v a cu o ­
l iz a t io n  w as a g a in  s e e n  ( r e f e r  to  F ig u r e  32) u n d e r ly in g  th e  a lv e o la r  
type  II c e l l .  In  o th e r  f ig u r e s  of th is  s e r i e s ,  a lv e o l a r  and  c a p i l la r y  
b a s e m e n t  m e m b r a n e s  could  no t be d is t in g u is h e d  c l e a r ly .  O nly  an  i n ­
te n s e  f ib r o s i s  w h ich  invo lved  both  b a s e m e n t  m e m b r a n e s  w as  s e e n  
( F ig u r e s  36, 38, a n d  39).
F ig u r e  36 w as  a low f ie ld  m a g n if ic a t io n  w h ic h  w as  helpfu l
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in  d e te rm in in g  the  ex ten t of f ib r o s i s .  The  p e r i v a s c u l a r  a r e a s  w e re  
la b e l le d  due to  the  e x t r e m e  d if f icu lty  in  o r ie n ta t io n .  T re m e n d o u s  
co l la g en  d e p o s i t io n  f i l led  the p e r iv a s c u l a r  s p a c e s  and  m e s e n c h y m a l  
c e l l s  w e re  v e ry  n u m e ro u s .  A lv e o la r  a i r  s p a c e s  a p p e a r e d  n a r ro w e d  
due to  th e  f ib r o s i s  of the  su r ro u n d in g  s t r u c t u r e s .  In  F ig u r e s  38 and 
39, c e l l  ty p es  e n co u n te re d  in  the  f ib ro t ic  s p a c e s  w e re  d e p ic ted .  In  
F ig u r e  38, c a r e fu l  a t ten t io n  w as  c a l led  to the  l ig h t  a p p e a r in g  a r e a s  in 
th e  u p p e r  and  lo w e r  p o r t io n s  of the  p la te .  T h is  m a t e r i a l  w as  c o llag en  
w ith  i t s  c h a r a c t e r i s t i c  p e r io d ic i ty ,  but it  a p p e a re d  v e ry  p a le  in  c o m ­
p a r i s o n  w ith  the  su r ro u n d in g  s t r u c t u r e s .  The c e l l  w as  p ro b a b ly  a 
m o n o cy te  w ith  a  w e ll -d e f in e d  G olgi zone, m i to c h o n d r ia ,  and  r ib o s o m e s .  
The o th e r  c e l l u la r  e le m e n ts  in  the f ig u re  w e re  m e s e n c h y m a l  in  o r ig in ,  
such  a s  th o se  o b s e rv e d  in the  p e r iv a s c u l a r  s p a c e s  in  o th e r  c a s e s .
F ig u r e  39 d e p ic ted  two o th e r  c e l l s  s e e n  in the  f ib r o t ic  a r e a s .  The 
c e l l  on the  r ig h t  had the  c h a r a c t e r i s t i c s  of a  p la s m a  c e l l  w ith  n u m e r ­
ous m i to c h o n d r ia ,  a  c lo se ly  l a y e r e d  rough  e n d o p la sm ic  r e t i c u lu m  and 
s e c r e t io n  p ro d u c ts .  The c e l l  on the  le f t ,  l ik e w ise  had  m ito c h o n d r ia  
and a ro u g h  e n d o p la sm ic  re t ic u lu m  but the  " la y e r in g  e ffec t"  and the  
s e c r e t io n  p ro d u c ts  w e re  lack in g . T he  n u c le u s  c o n ta in ed  a  v e ry  l a r g e  
n u c le o lu s .  The m a te r i a l  ly ing  b e tw een  the  e n d o p la s m ic  r e t ic u lu m  b o r ­
d e r s  w as  no ted  to  be s l ig h tly  d e n se  and  s t ip p le d  in  a p p e a r a n c e .  T h is  c e l l  
type  cou ld  n o t  be  d e f in i te ly  id en tif ied .
The p u lm o n a ry  a lv e o la r  type  I l in ing  w as  w ith in  n o r m a l  l im i t s
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in  F ig u r e s  36 and  37. S can ty  v é s ic u la t io n  w as  no ted  ( F ig u r e  37).
T i s s u e  fo r  h i s to c h e m ic a l  and  c y to lo g ic a l  s tu d ie s  w as  no t a v a i l ­
ab le  fo r  e x a m in a t io n  in  th is  c a s e .
C a s e  XIII
T h is  ch ild  had  c o n g en i ta l  m i t r a l  s te n o s i s  w ith  p u lm o n a ry  h y p e r ­
ten s io n .
T h e  e n d o th e l ia l  l in in g  of th e  c a p i l l a r y  lu m e n  a p p e a r e d  s l ig h t ­
ly  w idened . T h e re  w as  p ro m in e n t  v é s ic u la t io n  in  the  c y to p la s m  ( F ig u r e s  
40, 41, and  43).
T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  w as m a r k e d ly  i n c r e a s e d  in 
w idth  ( F ig u r e s  40, 41, and  43). The a lv e o l a r  b a s e m e n t  m e m b r a n e s  
w e r e  l ik e w is e  invo lved  ( F ig u r e s  41 and  43). In  F ig u r e  42 , bo th  b a s e ­
m e n t  m e m b r a n e s  w e re  o b s e r v e d  to  m e r g e  in to  " p o c k e ts "  of the  p e r i ­
v a s c u la r  s p a c e .  In  th is  p a r t i c u l a r  f ig u r e ,  no  g r o s s  e n la r g e m e n t  of the  
b a s e m e n t  m e m b r a n e s  w as no ted .
M e s e n c h y m a l  c e l l  e le m e n ts  w ith  p ro m in e n t  v a c u o l iz a t io n  
( F ig u r e s  40 an d  42), c o l la g e n  and  r e t i c u l a r  f ib e r s  ( F ig u r e s  41, 42, 
and  43) w e r e  o b s e r v e d  in  i n c r e a s e d  a m o u n ts  in  the  p e r i v a s c u l a r  s p a c e .  
T h e s e  t i s s u e  co m p o n en ts  p lu s  the  w id en ed  b a s e m e n t  m e m b r a n e s  r e ­
su l te d  in  a  d e m o n s t r a b ly  in c r e a s e d  a i r - b lo o d  b a r r i e r .
T h e  a lv e o l a r  type  I c y to p la s m ic  e x te n s io n s  w e re  in c r e a s e d  in 
w id th  and  c o n ta in ed  n u m e ro u s  v e s i c l e s  and  v a c u o le s  ( F ig u r e s  41, 42,
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and  43). A n a lv e o la r  ty p e  II c e l l  w ith  c h a r a c t e r i s t i c  in c lu s io n  b o d ies  
h ad  m a n y  l a r g e  v acu o le s  th ro u g h o u t  the  c y to p la s m  ( F ig u r e s  42 and 
43). The a lv e o la r  b a s e m e n t  m e m b r a n e  w as  e x t r e m e l y  a t te n u a te d  in 
th is  a r e a ,  bu t no l a r g e  in te rv e n in g  v a c u o l iz a t io n  o r  w iden ing  w a s  n o ted  
b e tw een  th e  p u lm o n a ry  a lv e o la r  type  II c e l l  and  the  u n d e r ly in g  p e r i v a s ­
c u la r  s p a c e .
S ig n if ic an t  i n c r e a s e s  of i n t r  a s e p ta l  m e s e n c h y m a l  c e l l s  and  
r e t i c u l a r  f i b e r s  w e re  found a t  th e  ligh t m ic r o s c o p i c  le v e l .  T he  m e s e n ­
ch y m a l  c e l l  n u c le i  w e r e  c h a r a c t e r i z e d  by f in e ly  s t ip p le d  c h r o m a t in  and 
two o r  th r e e  l a r g e  n u c le o l i .  The o r c e in  p r e p a r a t i o n s  show ed a n o r m a l  
am o u n t of e la s t i c  t i s s u e .  C o llag en  f ib e r s  w e r e  m in im a l ly  i n c r e a s e d  in  
the  K oneff and  G o ld n e r  p r e p a r a t io n s .
In  s u m m a r y ,  i t  m a y  be s a id  th a t  c o n g e n i ta l  and  a c q u i r e d  m i ­
t r a l  s te n o s i s  and th e  a c q u i r e d  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t  show ed the  
m o s t  p ro m in e n t  b a s e m e n t  m e m b r a n e  c h an g es  w ith  o r  w ithout an  a c c o m ­
pany ing  in c r e a s e  of c o l la g en ,  e l a s t i c ,  and  r e t i c u l a r  f ib e r  d ep o s i t io n .
The o th e r  c a s e s  w ith  i n c r e a s e d  p u lm o n a ry  h y p e r t e n s io n  show ed p r i ­
m a r y  i n c r e a s e d  co llag en , e l a s t i c  and  r e t i c u l a r  f ib e r  ch an g es  w ith  no 
s u b s ta n t ia l  i n c r e a s e  in  th e  b a s e m e n t  m e m b r a n e  w id th . A fu n c t io n a l ly  
n o r m a l  c a s e  w as  p r e s e n te d ,  a s  w as a  c a s e  w ith  e x te n s iv e  f i b r o s i s  fo r  
a  c o m p a r a t iv e  s tudy  of th e  u l t r a s t r u c t u r a l  c h a n g e s  o b s e r v e d  in  the  lung.
C H A P T E R  IV 
DISCUSSION
The c a u s e s  of p u lm o n a ry  h y p e r te n s io n  in  th i s  s tudy  can  be 
g ro u p e d  in to  two b ro a d  c l a s s e s :  1. ) m i t r a l  s te n o s i s  and  l e f t - s id e d
h e a r t  f a i lu r e  of any  c a u se  le ad in g  to  p u lm o n a ry  c o n g e s t io n  w hich  r e ­
s u l t s  in  an  i n c r e a s e d  v a s c u la r  r e s i s t a n c e  d i s ta l  to  th e  c a p i l l a r i e s  and 
2. ) c o n g en ita l  c a r d ia c  le s io n s  in  w h ich  th e r e  o c c u r s  an  in c r e a s e d  p u l ­
m o n a r y  b lood flow o r  p e r f u s a t e  such  a s  v e n t r i c u la r  s e p ta l  d e fe c t ,  in 
w h ich  the  p u lm o n a ry  c i r c u la t io n  is  e x p o sed  to  l e f t - s id e d  p r e s s u r e s  
w ith  s m a l l  v e s s e l  d i s e a s e ;  a t r i a l  s e p ta l  d e fe c t ,  in  w h ich  the  v a s c u la r  
bed  i s  e x p o se d  to  h igh  flow w ith  r e s u l t a n t  p u lm o n a ry  a r t e r i o l a r  d i s e a s e ;  
and  p a te n t  d u c tu s  a r t e r i o s u s  w ith  v a s c u la r  d i s e a s e  of the  lung r e s u l t in g  
f r o m  h igh  flow a n d / o r  h igh p r e s s u r e .
A s  d e m o n s t r a t e d  in th is  s tudy  of the  u l t r a s t r u c t u r a l  changes  
in  th e  a i r - b lo o d  b a r r i e r  in  p u lm o n a ry  h y p e r te n s io n ,  the  c a s e s  e x am in ed  
f a l l  in to  two c a te g o r ie s .  T h a t  i s ,  1. ) th o se  c a s e s  in  w h ich  th e  b a s e ­
m e n t  m e m b r a n e s  w e re  th e  p r i m a r y  t i s s u e  c o m p o n en ts  a l t e r e d  w ith  o r  
w ith o u t  in c r e a s e d  f ib ro u s  d e p o s i t io n ,  and  2. ) th o s e  c a s e s  in  w hich  the  
a l t e r a t i o n  w as  due to  an  in c r e a s e d  d e p o s i t io n  of c o n n ec t iv e  t i s s u e  c o m ­
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p o n en ts ,  w ith  no  s ig n if ic a n t  changes  in the  b a s e m e n t  m e m b r a n e s .  The 
f i r s t  c a te g o ry  inc luded  the c a s e s  of a c q u i r e d  m i t r a l  s te n o s i s ,  c o n g e n i­
t a l  m i t r a l  s t e n o s i s ,  and a c q u i r e d  in t e r v e n t r i c u l a r  s e p ta l  d e fec t .  The 
c a s e s  th a t  c o m p r i s e d  the  second  c a te g o ry  w e re  the  p a ten t  duc tus  a r t e r i -  
o s i s ,  the p a te n t  duc tus  a r t e r i o s u s  w ith  a t r e s i a  of a com m o n  p u lm o n a ry  
ve in  and co n g en i ta l  i n t e r v e n t r i c u l a r  s e p ta l  d e fec t ,  co n gen ita l  i n t e r v e n ­
t r i c u l a r  s e p ta l  d e fec t  w ith  a  le f t  s u p e r io r  vena  cav a ,  a o r t i c  s te n o s is  
and c o n g es t iv e  h e a r t  f a i lu re .
S t r u c t u r a l  c h an g es  in  the p u lm o n a ry  p a re n c h y m a  in m i t r a l  
s te n o s is  have  b een  d e s c r ib e d  by v a r io u s  in v e s t ig a to r s  a t  the  l ig h t  m i ­
c ro s c o p ic  le v e l  ( P a r k e r  and W e is s ,  1936; B e l l ,  1943; L a r r a b e e ,  P a r k ­
e r ,  and E d w a rd s ,  1949; M o sch co w itz ,  1949; M e e s s e n ,  1956). A lthough  
th e r e  w e re  v a r io u s  in te r p r e ta t io n s  a s  to  the  t i s s u e  com ponen t w ith in  
the  s e p ta l  w a l l  showing the s ig n if ic a n t  c h an g e s ,  th e se  w o r k e r s  w e re  
in  c o m p le te  a g r e e m e n t  on the in c r e a s e d  w idth  of the  a i r - b lo o d  b a r r i e r  
s e e n  in  m i t r a l  s te n o s i s .  M e e s s e n  (1956), H a t t  and  R o u i l le r  (1958), 
Schulz  (1959), and  A san o , (1964), in  u l t r a s t r u c t u r a l  s tu d ie s ,  o b s e r v e d  
in c r e a s e d  f ib ro u s  t i s s u e  in  the  s e p ta l  w a ll  in p a t ie n ts  w ith  m i t r a l  s t e n ­
o s is .
In  th is  s tudy , the  c a s e s  of m i t r a l  s te n o s is  w e re  p r i m a r i l y  
c h a r a c t e r i z e d  by  a lv e o la r  and  c a p i l l a r y  b a s e m e n t  m e m b ra n e  th ic k e n ­
ing; th is  c o n s i s ta n t  change  in  the b a s e m e n t  m e m b r a n e s  being  a u g m e n t -
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ed in  m o s t  of the  c a s e s  by in c r e a s e d  co llag en , r e t i c u l a r ,  and e la s t ic  
f ib e r  d ep o s i t io n .  —
W ith  r e s p e c t  to  th e  c a p i l l a r y  b a s e m e n t  m e m b r a n e ,  th e r e  is  
a lm o s t  u n i fo rm  a g r e e m e n t  by w o r k e r s  a t  the  l ig h t  o r  e l e c t r o n  m i c r o ­
sco p ic  le v e l  in  r e g a r d  to  i t s  in c r e a s e d  th ic k n e s s  in  m i t r a l  s te n o s is  
( L a r r a b e e ,  P a r k e r ,  and E d w a r d s ,  1949; M o sc h c o w itz ,  1949; M e e s s e n ,  
1956; H a t t  and  R o u i l le r ,  1958; S ch u lz ,  1959). The  only  excep tion  is  
A sa n o  (1964) who r e p o r t e d  th a t  one c a s e  out of h is  s e r i e s  did  no t show 
any th ick en in g  of the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  a t  the  u l t r a s t r u c t u ­
r a l  le v e l .  L a r r a b e e ,  P a r k e r ,  and  E d w a rd s  ( 1949) w e r e  the  only in ­
v e s t i g a to r s  to  r e p o r t  an in c r e a s e d  th ick en in g  of th e  a lv e o la r  b a s e m e n t  
m e m b r a n e  su ch  a s  th a t  o b s e r v e d  in  th is  s tudy , but t h e i r  o b s e rv a t io n s  
w e re  done a t  the  l ig h t  m ic r o s c o p i c  le v e l .
T h e s e  c h an g es  in  the  a i r - b lo o d  b a r r i e r  le n d  c r e d e n c e  to  the  
f ind ings  of p u lm o n a ry  fu n c tio n  t e s t s  p e r f o r m e d  on p a t ie n ts  w ith  m i t r a l  
s t e n o s i s  ( P a l m e r ,  G ee, M i l l s ,  and  B a te s ,  1963). T h is  in v e s t ig a to r y  
g ro u p  o b s e r v e d  th a t  the  d iffu s in g  c a p a c i ty  of the  p u lm o n a ry  m e m b r a n e s  
w as r e d u c e d  in  so m e  c a s e s  of m i t r a l  s t e n o s i s .  T h e y  s u g g e s t  th a t  th is  
d e c r e a s e d  d if fu s io n  c a p a c i ty  p a r a l l e l e d  the  p u lm o n a ry  v a s c u la r  c o n ­
g e s t io n  and  p u lm o n a ry  f ib r o s i s  s e e n  p a th o lo g ic a l ly .
I t  h a s  b e e n  s ta te d ,  th a t  a t  b i r t h ,  th e  e l a s t i c  f ib e r s  a r e  c o n ­
f ined  to  th e  ed g es  of the  a lv e o la r  e n t r a n c e  and  do n o t  a p p e a r  in  the  i n ­
t e r - a l v e o l a r  s e p ta  u n t i l  th e  age  of five  y e a r s  o r  m o r e  and  th a t  e la s t i c
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f ib e r s  do n o t  b e c o m e  n o t ic e a b le  in  the  w a l ls  of th e  a lv e o la r  p o r t io n s  
of th e  lu n g s  u n ti l  th e  age  of e ig h te e n  o r  m o r e  y e a r s  (L o o s l i  and  P o t t e r ,  
1959). In  th is  s tudy , e ig h t  of th e  t h i r t e e n  p a t ie n t s  w e re  u n d e r  e ig h teen  
y e a r s  of a g e ,  and th r e e  of th e s e  e ig h t  c a s e s  w e r e  u n d e r  f ive  y e a r s  of 
a g e .  T h e  fu n c t io n a l  n o r m a l  c o n t ro l  fo r  th is  s tudy  w as  t h i r t y  n ine  
m o n th s  o ld  and  l ig h t  m ic r o s c o p i c  s tu d ie s  in d ic a te d  th a t  e l a s t i c  t i s s u e  
w as  p r e s e n t  bu t n o t  i n c r e a s e d .  In  th e  o r c e in ,  a ld e h y d e - fu c h s in ,  and 
V e rh o e f f  h e m a to x y l in  s l id e  p r e p a r a t i o n s ,  e l a s t i c  t i s s u e  w a s  d e m o n ­
s t r a t e d  in  a l l  the  c a s e s  in w h ich  t i s s u e  fo r  cy to lo g ic a l  w o rk  w a s  a v a i l ­
a b le .  A t th e  u l t r a s t r u c t u r a l  l e v e l ,  m an y  w o r k e r s  have  d e m o n s t r a t e d  
e l a s t i c  t i s s u e  to  be n o r m a l ly  p r e s e n t  in  m a m m a l ia n  lung  (Low, 1953, 
1953a, 1954, 1961; G ie se k in g ,  1956; G ie se  and  G ie se k in g ,  1957; C h ase ,  
1959; S ch u lz ,  1959; T a k a h a s h i ,  K aw ano , O ta , and  O tsu k a ,  1961; D iv e r ­
t ie  and  B ro w n , 1964). G ie se  and  G ie se k in g  (1957) c o n je c tu r e d  th a t  the  
e l e m e n ta r y  f ib r i l s  of th e  r e t i c u l a r  t i s s u e  p a r t i c ip a te d  in  th e  fo rm a t io n  
of th e  e l a s t i c  f ib e r s  s in c e  th e y  o b s e r v e d  a  tu f t - l ik e  sp l i t t in g  of f ib r i l s  
a t  the  b o r d e r s  of th e  e l a s t i c  t i s s u e .  T h is  f i b r i l l a r y  s y n th e s is  of e la s t i c  
f i b e r s  cou ld  n o t  be s u b s ta n t ia te d  in  th is  s tudy .
I t  h a s  b e e n  r e p o r t e d  th a t  the  e l a s t i c  t i s s u e  c o n ten t  of th e  lung 
i n c r e a s e s  w ith  age  ( B r i s c o e  and  L o r in g ,  1958; P i e r c e ,  H o co tt ,  and  E b e r t ,  
1959, 1961; W r ig h t ,  K le in e r m a n  and  Z o r n ,  I960 ) . In  W rig h t ,  K le in e r -  
m a n ,  and  Z o r n 's  s tu d y  ( I9 6 0 ) ,  th e y  o b s e r v e d  th a t  a lthough  th e  e la s t ic  
c o n te n t  of lung  i n c r e a s e d  w ith  a g e ,  th e  h e x o s a m in e  c o n ten t  of the  e la s t ic
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f r a c t io n  d e c r e a s e d  w ith  a d v an c e d  ag e .  In  C a s e  XI, a  s ix ty  n ine  y e a r  
old f e m a le ,  t h e r e  w as  a n  obv ious  i n c r e a s e  of e l a s t i c  t i s s u e  in  the  s e p ­
ta l  w a ll  a t  th e  e l e c t r o n  m ic r o s c o p i c  le v e l .  H o w ev e r ,  the  l ig h t  m i c r o ­
sco p ic  s tu d ie s  fo r  e l a s t in  w e r e  no t in d ic a t iv e  of a  p ro n o u n ced  e la s t ic  
t i s s u e .  T h is  l a c k  of c o r r e l a t i o n  cou ld  p o s s ib ly  be ex p la in ed  by a d e ­
c r e a s e d  s ta in in g  p ro p e n s i ty  of th e  e la s t i c  f i b e r s  s in c e  th e  e la s t ic  
t i s s u e  a p p e a r e d  sm udgy  in m a n y  a r e a s  of th e  e l e c t r o n  m ic r o s c o p ic a l  
and cy to lo g ic a l  p r e p a r a t i o n s .  I t  w as  h o w e v e r ,  n o te w o r th y  th a t  the  
e la s t i c  t i s s u e  " s ta in e d "  qu ite  in te n s e ly  a t  th e  u l t r a s t r u c t u r a l  lev e l .
T he in te n s i ty  of " s ta in in g "  of e l a s t i c  t i s s u e  s e e n  in  e l e c t r o n  m i c r o ­
g ra p h s  of C a s e  VI w as  no t n o te d  in  any  of th e  o th e r  c a s e s  s ta in ed  w ith  
le a d  c i t r a t e  and  u ra n y l  a c e ta t e ,  and  th is  f ind ing  is  su g g es t iv e  of an  
a l t e r e d  s ta t e  of th e  e l a s t i c  t i s s u e  in  th is  p a r t i c u l a r  c a s e  of c o n g es tiv e  
h e a r t  f a i lu r e .  T he  finding of in c r e a s e d  e la s t i c  t i s s u e  in  th is  p a t ie n t  
w ith  c h ro n ic  p a s s iv e  c o n g e s t io n  is  in  a g r e e m e n t  w ith  G ie sek in g  (I960) 
who s tu d ied  th e  u l t r a s t r u c t u r a l  c h an g es  in  lu n g s  in  c h ro n ic  p a s s iv e  
co n g es t io n  and  o b s e r v e d  in c r e a s e d  e la s t i c  and  r e t i c u l a r  t i s s u e ,  a s  
w e ll  a s ,  i n c r e a s e d  m e s e n c h y m a l  c e l l s  w ith in  the  p e r i v a s c u l a r  sp ac e .
In  C a s e  IV, p a te n t  d u c tu s  a r t e r i o s u s ,  a t r e s i a  of a  le f t  
co m m o n  p u lm o n a ry  v e in  and  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t ,  a  d e f in i te  
i n c r e a s e  of e l a s t i c  f ib e r s  w as  o b s e r v e d  a t  th e  l ig h t  and  e le c t r o n  m i c r o ­
sco p ic  l e v e l s .  The  o th e r  c a s e s  invo lv ing  c o n g en i ta l  h e a r t  d e fe c ts  did 
no t show th e  m a r k e d  e la s t i c  f ib e r  i n c r e a s e  th a t  w a s  ev id en t  in  C a se  IV.
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T his  d if fe ren ce  b e tw een  th e s e  c a s e s  cou ld  be ex p la ined  by two p h y s io ­
lo g ic a l  m e c h a n is m s .  T he  p a te n t  d u c tu s  a r t e r i o s u s  le s io n ,  in  w h ich  
th e re  is a  c o m m u n ic a t io n  b e tw e e n  the  h igh  r e s i s t a n c e  g r e a t e r  c i r c u ­
la t io n  and the  low r e s i s t a n c e  p u lm o n a ry  s y s te m ,  w ould  p ro d u c e  a n  in ­
c r e a s e d  p u lm o n a ry  b lood flow o r  p e r f u s a t e  u l t im a te ly  re s u l t in g  in  p u l ­
m o n a ry  h y p e r te n s io n .  S econd ly , the  a t r e t i c  p u lm o n a ry  v e in ,  by c a u s ­
ing p a s s iv e  co n g es tio n  in  the  lu n g s ,  w ould  enhance  the  a l r e a d y  s e v e r e  
condition  cau sed  by the  p a te n t  d u c tu s  a r t e r i o s u s .  T h e s e  two f a c to r s  
a r e  fe lt  to  exp la in  the  t r e m e n d o u s  f i b r o - c e l l u l a r  c h an g es  in the  s e p ta l  
w a l l  caus ing  a s e v e r e  e m b a r r a s s m e n t  of oxygen d iffu s io n  in  C a s e  IV.
The i n c r e a s e d  f i b r o - c e l l u l a r  d e p o s i t io n  s e e n  in  th e  c o n g en ­
i ta l  c a rd ia c  le s io n s  (exc lud ing  C a s e s  I ,  V, and  XII) would s u b s ta n t ia te  
the  p u lm o n a ry  func tion  f ind ings  on p a t ie n ts  w ith  in c r e a s e d  p u lm o n a ry  
b lood flow (B ucci and  C ook, 1961). T hey  d e m o n s t r a t e d  a  d e c r e a s e d  
d iffusing  cap ac ity  of the  p u lm o n a ry  m e m b r a n e  in tw en ty  fo u r  p a t ie n ts  
and su g g es ted  th a t  the  c h an g es  o b s e r v e d  in d ic a ted  an  a l t e r a t i o n  of the 
vo lum e s u r fa c e  a r e a  r a t io  a n d / o r  an  in c r e a s e d  th ic k n e ss  of the p u lm o ­
n a r y  c a p i l la ry  m e m b ra n e .
C o llagen  f i b e r s  w e r e  c o n s id e r e d  to  be s c a r c e  (M i l le r ,  1923; 
P o l i c a r d ,  1942) in  th e  n o r m a l  a lv e o l a r  w a ll .  Som e in v e s t ig a to r s
II  "
(M u lle r ,  1929; M o lle n d o rf f ,  1942; P o l i c a r d ,  1949) quoted  by B e r ta la n f fy  
(1964), have  s ta te d  th a t  co lla g en o u s  f i b e r s  do no t o c c u r  a t  a l l  in  the  
a lv e o la r  w a l ls .  H e s s e  and  L o o s l i  ( 1949), and  L o o s l i ,  A d a m s ,  and
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T h o rn to n  ( 1949). in  l ig h t  m ic r o s c o p ic  s tu d ie s ,  o b s e r v e d  th a t  c o l la g en  
f ib e r s  did  c o n s t i tu te  a  n o r m a l  co m p o n en t  in  th e  s e p ta l  w a ll .  T h is  h a s  
b e e n  v e r i f i e d  by n u m e r o u s  e l e c t r o n  m ic r o s c o p i c  in v e s t ig a t io n s  (Low, 
1953, 1953a, 1953b, 1954, 1961 ; K a r r e r , 1956; van  B r e e m e n  and 
N e u s te in ,  1956; B a k e r ,  1959; T a k a h a s h i ,  K aw ano , O ta , and  O tsuka ,
1961; D iv e r t ie  and B ro w n , 1964; N a g a is h i ,  O kada, I s h i to ,  and D aido ,
1964; van  B re e m e n ,  1965). A t the  u l t r a s t r u c t u r a l  le v e l ,  Schulz  (1959) 
r e f e r r e d  to  the  f ib ro u s  e le m e n t  p r e s e n t  in  n o r m a l  and  p a th o lo g ic a l  lung 
a s  r e t i c u l a r  f ib e r s  ev en  though in  m an y  of h is  p la t e s ,  th e  c h a r a c t e r i s ­
t ic  a p p e a ra n c e  of c o l la g en  can  be d e te r m in e d .  He f u r t h e r  a g r e e d  w ith  
G ie se  and  G ie sek in g  (1957) th a t  the  r e t i c u l a r  f i b e r s  of th e  p u lm o n a ry  
s t r o m a  w e re  no t p r e - c o l l a g e n ,  s in c e  no m a tu r a t io n  to  c o llag en  f ib e r s  
w e r e  o b s e r v e d  in  th e  s e p ta .
I t  h a s  b e e n  w id e ly  a g r e e d  th a t  r e t i c u l a r  f i b e r s  c o n s t i tu te  the  
m a in  f ib ro u s  c o m p o n en t of the  s e p ta l  w a l l  (M i l le r ,  1923; J o s s e ly n ,  1935; 
P o l i c a r d ,  1942, 1949; L e b lo n d  and  B e r ta la n f fy ,  1951; B e r ta la n f fy ,  G legg , 
and  E id in g e r ,  1954; L ow , 1954; G ie se  and  G ie se k in g ,  1957; S ch u lz ,  1959; 
G r o s s ,  1961). H o w e v e r ,  m o s t  in v e s t ig a to r s  h a v e  found the  r e t i c u l a r  
f i b e r s  to  be g e n e r a l ly  a s s o c i a t e d  w ith  c o l la g e n  f i b e r s ,  d if fe r in g  m o r p h o ­
lo g ic a l ly  p r i m a r i l y  by  t h e i r  s m a l l e r  d i a m e te r  and  th e i r  g r e a t e r  te n d en c y  
to  f o r m  a  n e tw o rk  (C o p e n h a v e r ,  1964).
In  th is  s tu d y , the  fu n c t io n a l  c o n t ro l  of p u lm o n a ry  s te n o s is  
Was th e  only c a s e  w h ich  d id  n o t  show  a  m a r k e d  i n c r e a s e  in  co l la g en
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a n d /o r  r e t i c u l a r  f i b e r s .  P r o m in e n t  co l la g en  d e p o s i t io n  w as s e e n  in  
C a se s  IV , VII, an d  XI. C a s e  VII w as  a  le s io n  of a c q u ir e d  m i t r a l  s t e n ­
o s is  of long  d u ra t io n  w hich  h ad  r e s u l t e d  in  c o n g es tiv e  h e a r t  f a i lu re .  
P h y s io lo g ic a l ly ,  th is  p a t ie n t  w ould  h a v e  had  in c r e a s e d  v a s c u la r  r e s i s ­
tan ce  in  the  p u lm o n a ry  c i r c u i t  and  c h ro n ic  p a s s iv e  co n g es t io n  of th e  
lu n g s .  C a s e  XI w as  a ls o  in  c o n g e s t iv e  h e a r t  f a i lu re  w hich  l ik e w ise  
had r e s u l t e d  in  c h ro n ic  p a s s iv e  c o n g e s t io n  ol the  lung. C o llag en  f ib e r s  
(C a se  VII), and  c o l la g en  and  e la s t i c  f i b e r s  (C ase  XI) w e re  r e s p o n s ib le  
fo r  the  in c r e a s e d  a i r - b lo o d  b a r r i e r .  T h e s e  findings a r e  su p p o r te d  by 
th o se  of G ie se k in g  (I9 6 0 ) ,  who o b s e r v e d  a  four to te n - fo ld  i n c r e a s e  in 
w idth w as  a t t r ib u te d  to  an  in c r e a s e  in  r e t i c u l a r  and  e la s t i c  f ib e r s  and 
m e s e n c h y m a l  c e l l s  w ith in  th e  p e r i v a s c u l a r  sp ace .
I n c r e a s e d  v a s c u la r  r e s i s t a n c e ,  r e s u l t in g  f r o m  the  a t r e s i a  of 
a  le f t  co m m o n  p u lm o n a ry  ve in , p lu s  an  in c r e a s e d  p u lm o n a ry  a r t e r y  flow 
f r o m  a  p a te n t  d u c tu s  a r t e r i o s u s ,  w e r e  p h y s io lo g ic a l ly  p r e s e n t  in  C a s e  IV. 
Both of th e s e  h e m o d y n a m ic  a l t e r a t i o n s  w ould  have been  conducive  to  the  
r e m a r k a b le  i n c r e a s e  of f ib ro u s  d e p o s i t io n  o b s e rv e d  in  the a i r - b lo o d  
b a r r i e r .
U n like  e l a s t i c  t i s s u e ,  c o l la g e n  h a s  b een  r e p o r te d  no t to  i n ­
c r e a s e  w ith  age  ( P i e r c e ,  H o co t t ,  an d  E b e r t ,  1959, 1961; W rig h t ,  K le in ­
e rm a n ,  and  Z o rn ,  I960). H o w e v e r ,  o th e r  in v e s t ig a to r s ,  u s in g  c o l o r i ­
m e t r i c  d e te r m in a t io n s ,  h ave  r e p o r t e d  th a t  h y d roxy  p ro l in e ,  thus  the 
co llag en  c o n ten t  of the  lung , i n c r e a s e d  w ith  age ( B r i s c o e  and L o r in g ,
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1959; B r i s c o e ,  L o r in g ,  and  M cC le m e n t ,  1959).
I t  h a s  b e e n  r e p o r t e d  and v e r i f ie d  in  th is  s tudy  th a t  the  a lv e o la r  
l in ing  of the lung c o n s i s t s  of two ty p es  of c e l l s  ( K a r r e r ,  1956a, I960; 
K is c h ,  1957, 1960a; P o l i c a r d ,  C o l le t ,  and  M a r t in ,  1961; C am p ich e ,  
G a u t ie r ,  H e rn a n d e z ,  and  R ey m o n d , 1963; B a l l s  and  C onen, 1964; N a g a i ­
sh i ,  O kada, I sh ik o ,  and  D aido , 1964). The  m a jo r i t y  of u l t r a s t r u c t u r a l  
in v e s t ig a to r s  h a v e  in d ic a te d  th a t  the  a lv e o la r  e p i th e l iu m  is  of e n d o d e rm a l  
o r ig in  (Low and S a m p a io ,  1957; Ca m p ic h e ,  G a u t ie r ,  H e rn a n d e z ,  and 
R eym ond , 1963; B a l l s  and  C onen, 1964) in  c o n t r a s t  to  P o l i c a r d ,  C o l le t ,  
and  P r e g e r m a i n  (1957), who b e l ie v e  bo th  c e l l  ty p e s  a r e  of m e s e n c h y m a l  
o r ig in  and  to  M a r in o z z i  ( I9 6 0 ) ,  who c la im s  th a t  on ly  th e  a lv e o la r  type  II 
c e l l  is  m e s e n c h y m a l  in  o r ig in .  F u r t h e r  c o n t r o v e r s y  h a s  b e en  p a r t i c u l a r ­
ly  d i r e c te d  to  the  fu n c tio n  of th e  a lv e o l a r  type  II  c e l l .  T h e r e  i s  ev id en ce  
th a t  th e  c h a r a c t e r i s t i c  in c lu s io n  b o d ie s  ( a l s o  r e f e r r e d  to  a s  " ty p ic a l"  
in c lu s io n  b o d ie s  ( K a r r e r ,  1956a); o s m io p h i l ic  b o d ie s  ( P o l i c a r d ,  C o l le t ,  
and P r e g e r m a i n ,  1957); " c h a r a c t e r i s t i c "  in c lu s io n  b o d ies  (W oodside  and 
D alton , 1958); l a m e l l a r  t r a n s f o r m e d  m i to c h o n d r ia  (S chu lz , 1959); l a m e l ­
l a r  in c lu s io n s  (C a m p ic h e ,  G a u t ie r ,  H e rn a n d e z ,  and  R ey m o n d , 1963) of 
the  a lv e o l a r  type  II c e l l  a r e  th e  s o u rc e  of th e  s u r f a c e  te n s io n  red u c in g  
s u b s ta n c e  o r  s u r f a c t a n t  (M ack lin ,  1954; P a t t l e ,  1955, 1963; C le m e n ts ,  
1957, 1962; K la u s ,  R e i s s ,  T o o ley , P i e l  and  C le m e n ts ,  1962). T h is  
s u r f a c ta n t  i s  p ro b a b ly  a  l ip o p r o te in  th a t  c o n ta in s  a  p h o sp h o lip id ,  p a l -  
m i ty l  le c i th in  (K la u s ,  C le m e n ts ,  and  H a v e l ,  1961; P a t t l e  and  T h o m a s ,
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1961; B o lande, 1964) and is  though t to  be an  im p o r ta n t  s tab i l iz in g  f a c ­
t o r  in  p u lm o n a ry  m e c h a n ic s  ( P a t t l e ,  1955; C le m e n ts ,  1957; C le m e n ts ,  
B ro w n , and Jo h n so n ,  1958). C h a s e  (1959) u s in g  s p e c ia l  te ch n iq u es ,  
h a s  d e m o n s t r a t e d  a  s u r f a c e  lin ing  l a y e r  a t  the  e l e c t r o n  m ic ro s c o p ic  
le v e l .
In  th is  s tudy , o sm io p h i l ic  in c lu s io n  b o d ie s  and  m ic r o v i l l i  a r e  
a s s o c ia te d  w ith  both  the  a lv e o l a r  type  II c e l l  and  th e_ free  a lv e o la r  m a ­
c ro p h a g e .  B e c a u s e  of th i s  m a r k e d  m o rp h o lo g ic a l  s im i l a r i t y ,  i t  is  
te m p tin g  to  su g g es t  th a t  the  f r e e  a lv e o l a r  m a c r o p h a g e  is  d e r iv e d  f r o m  
the  a lv e o la r  type  II c e l l .  T he  a lv e o la r  type  II c e l l s  w e r e  a ls o  often  
n o ted  to  have v acu o l iza t io n  w hich  s e p a r a te d  the  c e l l  f r o m  the  u n d e r ­
ly ing  co n n ec tiv e  t i s s u e  e le m e n ts .  The a lv e o la r  b a s e m e n t  m e m b ra n e  
a p p e a r e d  qu ite  a t te n u a te d  in  th e s e  a r e a s ,  but a  d e f in i te  r u p tu r e  w as 
n e v e r  o b s e rv e d .  T h is  o b s e r v a t io n  is  in  d i s a g r e e m e n t  w ith  M a r in o z z i 's  
(I960) o b s e rv a t io n s  in  w hich  he c la im e d  the  su p p o r t in g  b a s e m e n t  m e m ­
b r a n e  to  be d isco n t in u o u s  u n d e r  th e  a lv e o la r  type  II c e l l .
In  the  lungs  of n e w b o rn  in fa n ts ,  B a l is  and. C onen  (1964) d e s ­
c r ib e d  a  s im i l a r  v a cu o l iza t io n  in th e i r  u l t r a s t r u c t u r a l  o b s e rv a t io n s  
and  r e f e r r e d  to  i t  a s  s e p a r a t io n s  by  ro w s  of v e s ic l e s  o r  c i s t e r n a e  
w hich  th e y  b e l ie v ed  w e r e  in d ic a t iv e  of d e g e n e ra t iv e  type  II c e l l s .  They  
c o n c lu d ed  th a t  the  in c lu s io n  b o d ie s  w ith in  the  a lv e o l a r  type  II c e l l s  
w e r e  ly s o s o m a l  s t r u c t u r e s  w h ich  w e re  a c t iv e  in  the  t r a n s f o r m a t io n  of 
the  f e ta l  cubo ida l a lv e o la r  e p i th e l iu m  in to  the  a t te n u a te d  (a lv e o la r  type
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I) f o r m .  T h e i r  e m b ry o lo g ic a l  c o n c lu s io n s  can  no t be  e v a lu a te d  in  th is  
m o rp h o lo g ic  study.
P a la d e  (1956) and  M o o re  and  R u sk a  (1957) r e p o r t e d  n u m e ro u s  
s m a l l  v e s i c l e s  in  c o n ta c t  w ith  th e  e n d o th e l ia l  c e l l  m e m b r a n e  in  the  
b lood c a p i l l a r i e s  of n o r m a l  r a t  m y o c a r d iu m .  P a la d e  (1956) s u g g e s te d  
th a t  the  v e s ic le s  e i t h e r  d ev e lo p e d  by a p in o cy to tic  m e c h a n i s m  o r  th a t  
th e y  a r o s e  w ith in  th e  e n d o th e l ia l  c y to p la sm  and  th en  a t ta c h e d  to  the  
c e l l  m e m b r a n e .  I t  h a s  b e en  s u g g e s te d  by B en n e tt  (1956) th a t  th is  v é s i ­
cu la t io n  p r o c e s s  e n a b le s  ions and  l a r g e r  p a r t i c l e s  to  p a s s  th ro u g h  the  
c e l l s  w ithou t a c tu a l  d i s ru p t io n  of th e  c e l l  m e m b r a n e .  T h is  p r o c e s s  of 
in v a g in a tio n  and p in ch in g  off of th e  p la s m a  m e tn b ra n e  to f o r m  s m a l l  
v e s ic l e s  w h ich  m o v e  a c r o s s  th e  c y to p la sm  h a s  b een  t e r m e d  c y to p e m p -  
s i s  (M o d r.ean d ^ R u ak a , 1957). M o r e o v e r ,  th e s e  in v e s t ig a to r s  s u g g e s te d  
th a t  the  cy to p em p tic  p r o c e s s  c o n s t i tu te d  a  m e a n s  of a c t iv e  and  s e le c t iv e  
t r a n s m i s s i o n  of s u b s ta n c e s  w ith in  the  c a p i l l a r y  w a l ls .
T he v é s ic u la t io n  of th e  e p i th e l ia l  and  e n d o th e l ia l  c e l l s  h a s  b een  
o b s e r v e d  in  m a m m a l ia n  lung by S chu lz  (1959). He s ta t e d  th a t  the  v e s i ­
c le s  w e r e  of im p o r ta n c e  in  c e l l  m e ta b o l i s m .  De G ro o d t ,  L a g a s s e ,  and 
S e b ru y n s  (1958), s tudy ing  th e  n o r m a l  s e p ta l  w a l l  in  v a r io u s  m a m m a l s ,  
r e p o r t e d  m e m b r a n e  in fo ld ing  and  v e s ic le  fo r m a t io n  and  n o te d  th a t  so m e  
of th e  v e s ic l e s  w e r e  in  c o n ta c t  w ith  th e  a lv e o l a r  b a s e m e n t  m e m b r a n e .  
L e e s o n  and  L e e s o n  (1964) su g g e s te d  th a t  th e  m ic ro p in o c y to t ic  v e s ic l e s  
in  e p i th e l ia l  and  e n d o th e l ia l  c y to p la s m  of f e ta l  r a t  lung in d ic a te d  a b s o r p -
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t io n  of a m n io t ic  flu id  f r o m  th e  a lv e o la r  s p a c e .  T hey  w o n d e re d  if the  
n u m b e r  of m ic ro p in o c y to t ic  v e s ic l e s  w ould  be i n c r e a s e d  in  p a th o lo g ­
ic a l  cond itions  w h e re  f lu id  w as p r e s e n t  in  e x c e s s  in  a i r  p a s s a g e s ,  e^ . ,
p u lm o n a ry  h y p e r te n s io n  and in f la m m a tio n .
In th is  s tudy , v é s ic u la t io n  w as  n o ted  in  both the  c a p i l l a r y  e n ­
d o th e l iu m  and th e  a lv e o l a r  e p i th e l iu m  in  a l l  c a s e s ,  h o w e v e r ,  the  v e s i ­
c le s  a p p e a re d  to  be m o r e  abundan t in  the  e n d o th e l ia l  l in ing  th a n  in  tha t 
of th e  e p i th e l ia l  l in in g .  A lthough  v é s ic u la t io n  in  C a se  I ,  the  fu n c tio n a l  
c o n t ro l ,  a p p e a re d  d e c r e a s e d ,  i t  w as  fe l t  th a t  th is  w as  due to  the  d e c r e a s e  
in  th e  w id th  of the  a i r - b lo o d  b a r r i e r  and  no t to  an  a c tu a l  d e c r e a s e  in the 
n u m b e r  of v e s i c l e s .  I t  w ould  a p p e a r  th a t  th e  s m a l l e r  v e s ic l e s  a r e  found 
in  bo th  n o r m a l  and  p a th o lo g ic  lung . S ch u lz  (1959) h a s  su g g e s te d  th a t  
the  c r i t e r i o n  of a  p a th o lo g ic a l  change  is  th e  s iz e  of the  v e s ic l e .  The 
l a r g e r  v a c u o le s  s e e n  in  bo th  the  e n d o th e l iu m  a n d  e p i th e l iu m  of C a s e s  
II, IV , V, and  VIII, w ould  be in d ic a t iv e  of a  p a th o lo g ic a l  s ta te .  T he  
v a c u o l iz a t io n  in  C a s e  VII w as  o b v io u s ly  due to  th e  fa t  e m b o l i s m .  The 
p a t ie n t  w ith  co n g en i ta l  m i t r a l  s t e n o s i s  show ed th e  l a r g e  v a c u o la r  ch an g es  
only  in  the  m e s e n c h y m a l  d e r iv a t iv e s  and  th e  a lv e o la r  e p i th e l ia l  l in ing .
In  C a s e  IX , th e  v a c u o le s  w e re  n o te d  only  in  th e  e n d o th e l ia l  l in ing  in v e s -  
m e n t .  If  i t  is  a s s u m e d  th a t  the  p in o c y to t ic  v a c u o le s  a r e  f o r  r e  s o rp t iv e  
and  t r a n s p o r t i v e  p r o c e s s e s  (S chu lz , 1959), th e n  th e  above c a s e s  w ould  
h a v e  ex h ib ited  c o n d it io n s  in  w h ich  th e s e  two p r o c e s s e s  w e r e  in c r e a s e d .
I t  i s  in t e r e s t in g  to  n o te  th a t  the  m o s t  e x te n s iv e  c h an g es  w e r e  s e e n  in
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c a s e s  of co n g en ita l  h e a r t  l e s io n s .  A t th e  u l t r a s t r u c t u r a l  le v e l ,  i t  is  
p o s s ib le  to  s e p a r a te  the  p in o cy to t ic  vacu o les  f r o m  th e  s m a l l e r  v e s i ­
c le s  w h ich  a r e  d e s c r ib e d  u n d e r  " c y to p e m p s is " .  I t  should  be in d ic a te d  
th a t  f u r th e r  in v e s t ig a t io n s  w ould  be n e c e s s a r y  to  e lu c id a te  the  d i f f e r e n t  
fu n c t io n s ,  i f  any , b e tw e e n  th e  two p r o c e s s e s .
In r e g a r d  to  the  ly m p h a t ic s  of the  p u lm o n a ry  t i s s u e ,  it  h as  
b e en  c l a s s i c a l l y  though t th a t  they  did not ex tend  below  the  r e s p i r a t o r y  
b ro n c h io le s .  Y et,  p h y s io lo g is t s  re c o g n iz e d  th a t  p a r t i c u la te  m a t t e r  in  
the  p e r ip h e r a l  a lv e o l i  s o m e h o w  w as d e l iv e re d  b a ck  to the  h i l a r  n odes  
m o r e  ra p id ly  th a n  cou ld  be ex p la in ed  by s im p le  p h a g o cy to s is  and 
am eb o id  t r a n s p o r t  of th e  m a t t e r  to w a rd  th e  ly m p h a t ic  v e s s e l s  (D r in k e r ,  
1954; K ra h l ,  1964).
Only a  few in v e s t ig a to r s  have d e m o n s t r a t e d  ly m p h a t ic s  a t  the  
le v e l  of the  a lv e o l i  (R o u v ie re ,  1938; T ob in , 1954, 1959; P a r f e n o v a ,
I960; E n g e l ,  1962). E n g e l  (1962) r e p o r te d  th a t  he saw  ly m p h a tic  
v e s s e l s  w ith in  the  s e p ta l  w a ll ,  but h is  low m a g n if ic a t io n  p ic tu r e s  w e re  
n o t  conv incing . P a r f e n o v a  (I960 ), u s ing  in je c t io n  m e th o d s ,  a l s o  c l a i m ­
ed th a t  she o b s e r v e d  ly m p h a t ic  c a p i l l a r i e s  in  th e  a lv e o la r  w a ll .  She 
fe l t  th a t  th e  ly m p h a t ic  c a p i l l a r i e s  p a r t i c ip a te d  w ith  th e  p u lm o n a ry  blood 
c a p i l l a r i e s  in  the  e x ch an g e  of g a s .  Tobin  (1954), u s in g  Ind ia  ink  and 
la te x  in je c t io n  m e th o d s ,  p l a s t i c  in je c ted  c o r r o s io n  and  a i r - d r i e d  s p e c i ­
m e n s ,  and  p a th o lo g ic a l  and  h i s to lo g ic a l  s p e c i m e n s , d e m o n s t r a t e d  l y m ­
p h a t ic s  a cco m p a n y in g  the  s m a l l e r  b ra n c h e s  of th e  p u lm o n a ry  a r t e r y
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and  the  p u lm o n a ry  v e in s .  T h e s e  v a s c u la r  t r i b u t a r i e s  w e re  c lo se ly  
r e l a t e d  to  the a lv e o la r  w a ll ,  so  th a t  the  d is ta n c e  f r o m  an  a lv eo lu s  
to  a  ly m p h a t ic  v e s s e l  would be q u ite  sm a l l . -  R o u v ie re  (1938) a l so  
s ta t e d  th a t  ly m p h a t ic s  r e s t e d  d i r e c t l y  a g a in s t  the  a lv e o la r  bed  and 
a lth o u g h  no ly m p h a t ic s  w e re  s e e n  in  the  i n t e r a lv e o la r  p a r t i t io n s ,  one 
p a r t  of the  a lv e o la r  w a ll  w as  im m e d ia te ly  a d ja c e n t  to  the  ly m p h a t ic  
s p a c e s .
In  F ig u r e  27, a c e l l ,  m a r k e d ly  r e s e m b l in g  the  e n d o th e l ia l  
c e l l  l in ing  the  c a p i l l a r y ,  a p p e a r s  to  in v e s t  the  p e r i v a s c u l a r  s p a c e .
T h is  m ig h t  in d ica te  th a t  the  p e r i v a s c u l a r  s p a c e  r e p r e s e n t s  a  t e r m i ­
n a l  ly m p h a t ic  r a m if i c a t io n  in  the  a lv e o la r  w a l ls .  I t  is  c o n je c tu re d  th a t  
th e  p r e s e n c e  of co l la g en  and  e la s t i c  f ib e r s  w ith in  the  p e r i v a s c u l a r  
sp a c e  m a y  be p r e s e n t  to  m a in ta in  th e  p a ten c y  of th e s e  ch an n e ls  in 
the  p r e s e n c e  of in c r e a s e d  p r e s s u r e  g ra d ie n ts  a t  the a lv e o l a r - c a p i l l a r y  
lev e l .
E xc lu d in g  C a s e s  I and X, th e r e  w as  an  in c r e a s e d  c e l l u la r  c o m ­
p onen t,  r e f e r r e d  to  a s  m e s e n c h y m a l  c e l l s ,  in  the  p e r i v a s c u l a r  s p a c e s  
of a l l  o th e r  c a s e s .  T h is  w as  o b s e r v e d  u l t r a s t r u c t u r a l l y  and the  e m ­
p i r i c a l  and h i s to c h e m ic a l  te c h n iq u e s  g r e a t ly  a u g m e n te d  th e s e  f ind ings  
ex cep t  in  C a s e  XI. T h is  i n c r e a s e  in  m e s e n c h y m a l  c e l l s  h a s  a l s o  b e en  
o b s e r v e d  in  o th e r  p a th o lo g ic a l  p u lm o n a ry  s tu d ie s  (H a tt  and  R o u i l le r ,  
1958; G ie se k in g ,  I960). I t  would a p p e a r  th a t  the  c e l l u l a r  i n c r e a s e  
c o r r e l a t e d  w ith  the  in c r e a s e d  am o u n t  of c o l la g e n  and  r e t i c u l a r  f ib e r s
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p r e s e n t  w ith in  the  p e r i v a s c u l a r  s p a c e .  The s tudy  of a o r t i c  s te n o s i s  
w as  qu ite  r e m a r k a b le  a t  the  e l e c t r o n  m ic r o s c o p i c  l e v e l ,  in  th a t  f i b r o ­
b l a s t i c - l i k e  c e l l s  and  le u c o c y te s  w e re  v e ry  ab u n d an t  w ith in  th e  s e p ta l  
w a ll .  T h e se  find ings  c o r r e l a t e d  w e ll  w ith  the  l ig h t  m ic r o s c o p ic  s tu d ie s  
done on th is  t i s s u e .  T he  la c k  of a  r e a l ly  d e m o n s t r a b l e  i n c r e a s e  of 
c e l l s  in C a s e  X is  p ro b a b ly  due to  the  s h o r t  d u ra t io n  of th is  p a t i e n t 's  
d is a b i l i ty .  T h e . la c k  of i n c r e a s e d  c e l lu la r i ty  in  the  fu n c t io n a l  c o n tro l  
(C a se  I) is  in  a g r e e m e n t  w ith  o th e r  n o r m a l  lung s tu d ie s  (G ie sek in g ,
1960; D iv e r t ie  and B ro w n , 1964).
T h is  s tudy , u t i l iz in g  e l e c t r o n  m ic r o s c o p i c a l ,  h i s to c h e m ic a l ,  
and  c y to lo g ica l  te c h n iq u e s ,  d e f in i te ly  in d ic a te  th a t  p u lm o n a ry  h y p e r ­
te n s io n  is  a s s o c ia te d  w ith  a  th ic k e n in g  of the  a l v e o l a r - c a p i l l a r y  m e m ­
b r a n e  in c o n g en ita l  h e a r t  d i s e a s e ,  o r ig in a l ly  a s s o c i a t e d  w ith  i n c r e a s e d  
p u lm o n a ry  flow, and  in  a c q u i r e d  h e a r t  d i s e a s e .  T h o se  l e s io n s  a s s o ­
c ia te d  w ith  a c q u i r e d  h e a r t  d i s e a s e  a l l  e x h ib ited  b a s e m e n t  m e m b r a n e  
c h an g es  w ith  v a ry in g  f i b r o - c e l l u l a r  m a n i f e s t a t io n s .  T he  m a jo r i t y  of 
c o n g en ita l  h e a r t  l e s io n s  d id  n o t  show a p p r e c ia b le  b a s e m e n t  m e m b r a n e  
th ick en in g ,  but d id  show  m a r k e d ly  in c r e a s e d  f i b r o - c e l l u l a r  c h a n g e s  in 
the  a lv e o la r  c a p i l l a r y  ( se p ta l)  w a ll .  I t  is  fe l t  th a t  the  m o rp h o lo g ic a l  
ch an g es  in  the  a l v e o l a r - c a p i l l a r y  w a ll ,  w h ich  a r e  p r e s e n t  in  th e s e  ca se s ,  
w ould  p ro v id e  a n a to m ic  e v id e n c e  of a d e c r e a s e d  d iffus ing  c a p a c i ty  m a n ­
i f e s te d  fu n c tio n a lly  by th e s e  p a t i e n t s .
CHAPTER V
SUMMARY
C o n g en ita l  an d  a c q u i r e d  h e a r t  d i s e a s e  w ith  p u lm o n a ry  h y p e r ­
te n s io n  show an  i n c r e a s e d  th ick en in g  of the  a l v e o l a r - c a p i l l a r y  w a ll .
T he c a s e s  of m i t r a l  s te n o s i s  ( a c q u i r e d  and  congen ita l)  e x ­
h ib i t  p r o m in e n t  ch an g e s  in  a lv e o l a r  and c a p i l l a r y  b a s e m e n t  m e m ­
b r a n e s ,  w ith  o r  w ithou t i n c r e a s e d  f i b r o - c e l l u l a r  d e p o s i t io n .  T he  c a s e  
of a c q u i r e d  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t  (C a s e  X) show ed the  s a m e  
m o rp h o lo g ic a l  ch an g e s .
T he c o n g en i ta l  h e a r t  d i s e a s e  c a s e s  d id  not show a p p r e c ia b le  
th ic k en in g  of the  b a s e m e n t  m e m b r a n e s ,  b u t w e r e  c h a r a c t e r i z e d  by an  
i n c r e a s e d  d e p o s i t io n  of c o l la g e n  a n d /o r  r e t i c u l a r  f i b e r s ,  e l a s t i c  f i b e r s ,  
and  m e s e n c h y m a l  c e l l s .  C a s e s  XI and XII w e r e  bo th  c h a r a c t e r i z e d  by 
th e s e  s a m e  m o rp h o lo g ic a l  ch an g es .
In  th is  s tudy , t h e r e  is  no a p p a r e n t  c o r r e l a t i o n  b e tw een  the  
s e v e r i t y  of th ick en in g  of the  a lv e o l a r  w a ll  w ith  th e  d u ra t io n  of s y m p to m s  
o r  to  t ie  age  of the  ind iv id u a l .
I t  i s  su g g e s te d  th a t  the  p e r i v a s c u l a r  s p a c e s  m a y  fu nc tion  as  
t e r m i n a l  ly m p h a t ic  s p a c e s  in  the  a lv e o la r  w a l l s .
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T he c o n g en ita l  h e a r t  d i s e a s e  c a s e s  w e re  c h a r a c t e r i z e d  by 
l a r g e  p ino cy to tic  v a c u o l iz a t io n  w hich  h a s  been  r e p o r te d  to  be in d ic a ­
t iv e  of p a th o lo g ic a l  c h an g e s .
R e g a rd in g  the  c o n cep t  of c y to p e m p s is ,  t h e r e  w as  no d e m o n ­
s t r a b l e  in c r e a s e  of s m a l l  v e s ic le s  in  th e se  c a s e s  w ith  p u lm o n a ry  h y p e r ­
te n s io n .
I t  is  su g g e s te d  th a t  the  m o rp h o lo g ic a l  ch an g es  s e e n  in  the  
a lv e o l a r - c a p i l l a r y  m e m b r a n e  w ould p ro v id e  a n a to m ic  ev id en ce  fo r  
the  d e c r e a s e d  fu n c tio n a l c a p a c i ty  of p a t ie n ts  w ith  p u lm o n a ry  h y p e r ­
te n s io n .
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G o m o r i 's  a ld e h y d e - fu c h s in  s ta in  fo r  e l a s t i c  f ib e r s  (G o m o r i ,  1950) 
O rc e in  e la s t ic  t i s s u e  s ta in  (P in k u s ,  1944)
V e r h o e f f  s h e m a to x y l in  fo r  e la s t i c  t i s s u e  (V erh o e ff ,  1908)
R e t i c u la r  F i b e r s  
G o m o r i 's  r e t ic u lu m  s ta in  (G o m o r i ,  1937)
P e r io d i c  a c id - F o o t  r e t i c u lu m  s ta in  (L h o tk a  and  M y h re ,  1953)
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P r o te in s
A m ino  G roups  
C h lo ra m in e  T -S c h if f  (Chu e t , 1953) (B a rk a ,  1963)
P h e n o l  G ro u p s  (T y ro s in e )
D iazocoup ling  r e a c t io n  (G len n e r  and L i l l i e ,  1959) (B a rk a ,  1963)
Indo le  D e r iv a t iv e s  (T ry p to p h an )
P o s t - c o u p le d  p -d im e th y la m in o b e n z a ld e h y d e  (G len n e r  and  L i l l i e ,  1957) 
(B a rk a ,  1963)
G uanidy l G ro u p s  (A rg in ine)
S akaguch i (S akaguch i,  1950) (B a rk a ,  1963)
S u lfh y d ry l  and D isu lf id e  G ro u p s  
M e r c u r y  o ra n g e  (B en n e t  and  W a tts ,  1958) (B a rk a ,  1963) 
P s e u d o iso c y a n in  (S c h ie b le r  and S c h i e s s l e r ,  1959)
H is to n e s  and P r o t a m in e s  
A lk a lin e  f a s t  g r e e n  (A lf e r t  and G eschw ind , 1953) (K elly , 1964)
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N u c le o p ro te in s
D e o x y r ib o s e n u c le ic  A c id  
F e u lg e n  (F e u lg e n  and R o s s e n b e c k ,  1924) (B a rk a ,  1963)
R ib o se  and  D e o x y r ib o s e n u c le ic  A c id s  
M ethy l g re e n -p y ro n in e  (P a p p e n h e im ,  1899) (K e lly ,  1964) 
G a l lo c y a n in -c h ro m e  a lu m  (E in a r s o n ,  1951) (B a rk a ,  1963) 
M odified  T u rc h in i  ( B la c k l e r  and  A le x a n d e r ,  1952) ( P e a r s e ,  I960)
C a r b o h y d ra te s
G lycogen
B e s t ' s  c a r m in e  (B e s t ,  1906) ( P e a r s e ,  I960)
M u c o p ro te in s  and  N e u t r a l  P o ly s a c c h a r id e s  
P e r io d ic  a c id -S c h if f  (M cM an u s ,  1943) ( P e a r s e ,  I960)
L e a d  t e t r a - a c e t a t e  (L h o tk a ,  1952)
A c id  P o ly s a c c h a r id e s  
A lc ian  b lue  (W agner  and S h a p i r a ,  1957) (B a rk a ,  1963)
A s t r a b la u  (K e lly , 1964)
H a le 's  co llo id a l  i r o n  (H a le ,  1946) (B a rk a ,  1963)
T o lu id ine  b lue  (K elly , 1964)
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L ip id s
N e u t r a l  F a t s  
O il r e d - 0  (L i l l ie ,  1944) ( P e a r s e ,  I960)
Sudan  b la c k  B (K elly , 1964)
P h o sp h o l ip id s  
A c id  h e m a te in  m e th o d  (B a k e r ,  1946) (B a rk a ,  1963)
I I  II
K l u v e r - B a r r e r a  c o p p e r  p h th a lo c y an in e  (K lu v e r  and  B a r r e r a ,  1953) 
(K e lly , 1964)
A c e ta lp h o  sp h a tid e  s 
P l a s m a l  r e a c t io n  (H ay es ,  1949) (B a rk a ,  1963)
C h o le s te ro l
D ig ito n in  r e a c t io n  (B ru n sw ik ,  1922) (B a rk a ,  1963)
N e u t r a l  and  A c id ic  L ip id s  
N ile  b lue  su lfa te  ( L o r r a i n  and  S m ith ,  1908) (K e lly , 1964)
E n z y m e s
P h o s p h a ta s e s  
A lk a l in e  p h o s p h a ta s e  (B u r s to n e ,  1962)
A c id  p h o s p h a ta s e  ( B u r s to n e ,  1962)
A d e n o s in e  t r i p h o s p h a ta s e  (B u r s to n e ,  1962)
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E s t e r a s e s
N o n -s p e c if ic  e s t e r a s e  (B u rs to n e ,  1962)
D e h y d ro g e n a s e s  
S u cc in ic  d e h y d ro g e n a s e  (B a rk a ,  1963)
D ia p h o ra s e s
D ip h o sp h o p y rid in e  n u c leo t id e  r e d u c ta s e  (B u rs to n e ,  1962) 
T r ip h o sp h o p y r id in e  n u c leo t id e  r e d u c ta s e  (B u rs to n e ,  1962)
O th e r  E n z y m e s  
B e ta  - g lu c u r  on ida  s e (B u rs to n e ,  1962)
B e t a - g a la c to s id a s e  (B u rs to n e ,  1962)
C arb o n ic  a n h y d ra s e  (H a u s le r ,  1958) ( P e a r s e ,  1960)
I n v e r t a s e  (D ah lq v is t  and B ru n ,  1962)
C a t io n s
D ith izone  m e th o d  fo r  z inc  (M ag er  e t ^ .  , 1953) ( P e a r s e ,  I960)
R u b ean ic  a c id  m e th o d  fo r  c o p p e r  (O kam oto , 1938; U zm an , 1956) ( P e a r s e ,  
1 9 6 0 )
P ig m e n ts
Glenner'.s  m e th o d  fo r  b i l i ru b in ,  l ip o fu sc in ,  and h e m o s id e r in  (G len n e r ,  
1957) (B a rk a ,  1962)
P e r l ' s  P r u s s i a n  b lue  r e a c t io n  ( P e r i s ,  1867) (B a rk a ,  1963)
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F ig u r e  1
C ase  I ,  p u lm o n a ry  s te n o s i s .  The f ig u re  show s the  e s s e n t i a l ly  
n o rm a l  a i r - b lo o d  b a r r i e r  of the  fu nc tiona l c o n tro l .  The  p u lm o n a ry  s u r ­
face  lin ing  (al) and a lv e o la r  b a se m e n t  m e m b r a n e  (ab) a r e  qu ite  th in .
The c a p i l la r y  e n d o th e l iu m  (E) and the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  
(cb), though no t th ic k e n ed ,  a r e  th ic k e r  than  the  p re c e d in g  two a lv e o la r  
co m ponen ts .  T he  p e r i v a s c u la r  sp ac e  (p) is  qu ite  n a r ro w  and show s a  
few s t r a n d s  of r e t i c u l a r  f ib r i l s  (r ) .
(R ey n o ld 's  le a d  c i t r a t e  and u ra n y l  a c e ta te ,  17,200X)
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F ig u r e  2
C a s e  I, p u lm o n a ry  s t e n o s i s .  T h is  is  a s e c t io n  th ro u g h  the  s e p ­
ta l  w a ll  b e tw een  two c a p i l l a r i e s  w ith  a lv e o l a r  s p a c e s  (A) on e a c h  s id e .  
One of the  a lv e o la r  s p a c e s ,  w h ich  is  l in e d  by the  th in  p u lm o n a ry  s u r f a c e  
lin ing  c e l l s  (a l) ,  c o n ta in s  a r e d  blood c e l l .  The b a s e m e n t  m e m b r a n e s  
of the  c a p i l l a r i e s  (cb) and  a lv e o l i  (ab) a r e  not th ic k e n ed .  T he  p e r i v a s c u ­
l a r  sp a c e  (p) show s m e s e n c h y m a l  c e l l  r e m n e n ts  (m) and  r e t i c u l a r  f ib e r s  
( r ) .  A s l ig h t  am o u n t of lo c a l iz e d  e d e m a  m a y  be p r e s e n t  but ev en  w ith  
th is ,  the  p e r i v a s c u l a r  sp a c e  is  n o t  m a r k e d ly  w idened . N u m e ro u s  s m a l l  
v e s ic le s  a r e  p r e s e n t  in  th e  c a p i l l a r y  e n d o th e l iu m  (E) but no l a r g e  p in o -  
cy to t ic  v acu o le s  a r e  o b s e rv e d .
(R e y n o ld 's  l e a d  c i t r a t e  and  u ra n y l  a c e ta t e ,  13 ,800X )
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F ig u r e  3
C a se  I, p u lm o n a ry  s te n o s i s .  A s e c t io n  th ro u g h  a th ic k  a r e a  
of .the s e p ta l  w a ll  show ing a w e l l - g r a n u la te d  m a s t  c e l l  (MG) w ith in  the  
p e r i v a s c u la r  sp ac e .  T he  g ra y  f ib r i l l a r  m a t e r i a l  above the  m a s t  c e l l  
is  an  a c c u m u la t io n  of r e t i c u l a r  f ib e r s  ( r )  w ith  a  few d is t in c t  c o llag en  
(c) f ib r i l s  showing c h a r a c t e r i s t i c  s t r i a t io n s .  A m e s e n c h y m a l  ce l l  
d e r iv a t iv e  (m) is  s e e n  to  be c lo se ly  a p p o se d  to  the  a lv e o l a r  b a s e m e n t  
m e m b r a n e .  The con tinuous  p u lm o n a ry  s u r f a c e  l in ing  in v e s t s  th e  a lv e o ­
l a r  sp ac e  (A).
(Reynold's lead c itra te  and uranyl aceta te , 25, 200X)
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F ig u r e  4
C a s e  II, le f t  s u p e r io r  vena cav a ,  i n t e r v e n t r i c u l a r  d e fe c t ,  and 
p u lm o n a ry  h y p e r te n s io n .  A c o m p a r i s o n  of the  a lv e o la r  b a s e m e n t  m e m ­
b r a n e  (ab) and  the  c a p i l la r y  b a s e m e n t  m e m b r a n e  (cb) show s the  l a t t e r  to 
be s l ig h t ly  i n c r e a s e d  in th ic k n e s s .  T he  p e r i v a s c u l a r  s p a c e  (p) is w id e n ­
ed  and  co n ta in s  s m a l l  am o u n ts  of c o l la g en  and r e m n a n t s  of m e s e n c h y m a l  
c e l l s  (m ). The e n d o th e l ia l  c e l l  c y to p la s m  (E) in v e s t s  the  c a p i l l a r y  
w h ich  c o n ta in s  a  c o a r s e  p r e c ip i t a t e  of p la s m a .
(u ra n y l  a c e ta t e ,  24, 500X)
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F ig u r e  5
C a se  II, le f t  s u p e r io r  vena  cav a ,  i n t e r v e n t r i c u l a r  d e fe c t ,  and 
p u lm o n a ry  h y p e r te n s io n .  S e c t io n  th ro u g h  th e  e n t i r e  s ep ta l  w all s e p a r a ­
t in g  two a d ja c e n t  a lv e o la r  s p a c e s  (A). The c a p i l l a r y  b a se m e n t  m e m ­
b ra n e  a g a in  a p p e a r s  to  be s l ig h t ly  th ic k e n ed  w h e n  c o m p a r e d  to  the  a lv e o ­
l a r  b a s e m e n t  m e m b ra n e .  T he  p e r i v a s c u l a r  s p a c e  (p), a s  in  F ig u r e  4, 
show s m e s e n c h y m a l  c e l l  r e m n a n ts  and  so m e  c o l la g e n  dep o sit io n .  L a r g e  
p in o c y to t ic  vacuo les  (v) a r e  p r e s e n t  in  the  e n d o th e l iu m , m e s e n c h y m a l  
c e l l  d e r iv a t iv e s ,  and th e  a lv e o la r  e p i th e l ia l  l in in g .
(uranyl aceta te , 12, 500X)
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C a se  II, le f t  s u p e r io r  vena  c av a ,  i n t e r v e n t r i c u l a r  d e fe c t ,  and  
p u lm o n a ry  h y p e r te n s io n .  The e n d o th e l ia l  c e l l  l in ing  th e  c a p i l l a r y  e x ­
h ib i t s  so m e  v a cu o liza t io n  (v). A g a in  the  c a p i l l a r y  b a s e m e n t  m e m b ra n e  
(cb) a p p e a r s  to  be th ic k e r  th an  the  a lv e o l a r  b a s e m e n t  m e m b r a n e  (ab). 
T he  a lv e o l a r  type  11 c e l l  (a2) in  th is  e l e c t r o n  m ic r o g r a p h  show s only a 
few m ic r o v i l l i  but the  c h a r a c t e r i s t i c  l a m e l la t e d ,  o s m io p h i l ic  in c lu s io n  
b o d ie s  a r e  c l e a r ly  v is ib le .  The  s u r f a c e  of the  a lv e o l a r  type  11 c e l l  p r o ­
j e c t s  in to  th e  a lv e o la r  sp ac e  (A).
(uranyl a ceta te , 18, OOOX)
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C a se  II , le f t  s u p e r io r  vena  cav a ,  i n t e r v e n t r i c u l a r  d e fe c t ,  and 
p u lm o n a ry  h y p e r te n s io n .  An a lv e o la r  m a c r o p h a g e  (M) w ith  m ic r o v i l l i  
and  o sm io p h il ic  in c lu s io n  b o d ies  is  f r e e  in  the  a lv e o l a r  s p ac e  (A) and 
o c c u p ie s  m o s t  of the c e n te r  of the  f ie ld . A t te n u a te d  c y to p la sm ic  e x ­
te n s io n s  of the  a lv e o la r  type 1 ce l l  (al) can  be s e e n  u n d e r  the  a lv e o la r  
m a c ro p h a g e . .  In  th is  f ie ld , the  a lv e o la r  and  c a p i l l a r y  b a s e m e n t  m e m ­
b r a n e s  have  a p p ro x im a te d  and  c o a le s c e d .  T he  e n d o th e l ia l  l in ing  (E) of 
the  c a p i l l a r y  shows n u m e ro u s  s m a l l  v e s ic l e s .
(uranyl aceta te , 18, OOOX)
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C a s e  III, a c q u i r e d  m i t r a l  s te n o s i s  w ith  p u lm o n a ry  h y p e r t e n ­
s ion . T h is  is  a  s e c t io n  th ro u g h  the a i r - b lo o d  b a r r i e r  w hich  show s 
m a r k e d  th ic k en in g  of bo th  c a p i l l a r y  (cb) and  a lv e o l a r  (ab) b a s e m e n t  
m e m b r a n e s .  In  m an y  a r e a s ,  th ey  a r e  in d is t in g u is h a b le  a s  s e p a r a t e  
s t r u c t u r e s .  T h e  p e r i v a s c u l a r  sp ace  (p) show s in c r e a s e d  c o l la g e n  d e ­
p o s i t io n  (c) and  m e s e n c h y m a l  c e l l  r e m n a n ts  (m ). A lv e o la r  s p a c e s  (A) 
a r e  s i tu a te d  in  th e  u p p e r  and lo w e r  p o r t io n s  of the  f ie ld .
(uranyl a ce ta te ,  20, 500X)
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C a s e  III, a c q u i r e d  m i t r a l  s te n o s i s  w ith  p u lm o n a ry  h y p e r t e n ­
sion . T h is  f ig u re  d e p ic ts  a  r e g io n  n e a r  th e  n u c le a r  a r e a  of an  a lv e o ­
l a r  type  1 c e l l  (a l) .  The  c a p i l l a r y  and  a lv e o la r  b a s e m e n t  m e m b r a n e s  
a r e  m a r k e d ly  th ic k e n e d  an d  a r e  w ithou t d i s t in c t  l im i t s .  M e s e n c h y m a l  
c e l l  r e m n a n t s  (m) n e a r  the  u p p e r  m a r g in  of th is  i l l u s t r a t i o n  ex tend  i n ­
to the  b a s e m e n t  m e m b r a n e  a r e a s .  I n c r e a s e d  c o l la g en  d e p o s i t io n  (c) 
is  s e e n  w ith in  the  p e r i v a s c u l a r  sp ace .
(uranyl a ceta te ,  27, 800X)
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C a se  III, a c q u i r e d  m i t r a l  s t e n o s i s  w ith  p u lm o n a ry  h y p e r t e n ­
s ion . Two a d ja c e n t  c a p i l l a r i e s  (C) a r e  s e p a r a te d  f r o m  the a lv e o la r  
s p a c e  (A) by i n c r e a s e d  f ib r o - c e l l u l a r  d e p o s i t io n .  R e m n a n ts  of m e s e n ­
c h y m a l  c e l l s  (m) and  co l la g en  f ib e r s  (c) l ie  b e tw een  th e  th ic k e n e d  a lv e o ­
l a r  an d  c a p i l l a r y  b a s e m e n t  m e m b r a n e s .
(R e y n o ld 's  le a d  c i t r a t e  and  u ra n y l  a c e ta t e ,  23, 500X)
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C a s e  II I ,  a c q u i r e d  m i t r a l  s t e n o s i s  w ith  p u lm o n a ry  h y p e r t e n ­
sion . T h is  f ig u re  shows e s s e n t i a l ly  the  s a m e  c h an g es  a s  the  two p r e ­
ced ing  f ig u r e s .  N ote the  co n tinuous  p u lm o n a ry  s u r f a c e  l in ing  of the  
a lv e o la r  s p a c e  (A) w hich  is  f o r m e d  by th e  a t te n u a te d  c y to p la s n l ic  e x ­
te n s io n s  of th e  a lv e o l a r  type  I c e l l s .  T h e  p e r i v a s c u l a r  s p a c e  a p p e a r s  
to be c o m p le te ly  f i l led  with the  a m o rp h o u s  b a s e m e n t  m e m b r a n e  m a t e r i ­
a l .  C o llag en  f ib e r s  a r e  no t ev id en t .  A n u c le a te d  m e s e n c h y m a l  type 
c e l l  (m) is  s e e n  w ith in  the  p e r i v a s c u l a r  s p a c e .  T he  c a p i l l a r y  lu m e n  
(C) i s  in v e s te d  by  en d o th e l iu m , and  in  one a r e a ,  p a r t  of th e  e n d o th e l ia l  
c y to p la sm  a p p e a r s  to  fu se  w ith  a  m e s e n c h y m a l  c e l l  co m p o n en t .
(u ra n y l  a c e ta t e ,  27, 800X)
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C a se  IV, p a te n t  d u c tu s  a r t e r i o s u s ,  a t r e s i a  of a  le f t  co m m o n  
p u lm o n a ry  ve in , i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t ,  and p u lm o n a ry  h y p e r ­
te n s io n .  T h is  is  a  s e c t io n  th ro u g h  only a  p o r t io n  of a  s e p ta l  w a ll .  The 
a lv e o la r  sp a c e  (A) is  in d ic a te d  fo r  o r ie n ta t io n .  N ote the  con tinuous  
p u lm o n a ry  s u r f a c e  l in ing  of a t te n u a te d  a lv e o la r  type  I c e l l  c y to p la sm . 
T he  a lv e o la r  b a s e m e n t  m e m b r a n e  is  d is t in c t  and  a p p e a r s  e s s e n t ia l ly  
n o r m a l .  A n u c le a te d  m e s e n c h y m a l  type  c e l l  (m ), w hich  show s g r a n u ­
la te d  e n d o p la sm ic  r e t i c u lu m ,  G olgi v e s ic le s  (g), and  m an y  d a rk ly  
s ta in e d  r ib o s o m e s ,  i s  p r e s e n t  in  the  p e r i v a s c u l a r  s p a c e .  In  ad d itio n  
to  th e  n u c le a te d  m e s e n c h y m a l  type  ce l l ,  the  p e r i v a s c u la r  sp ac e  shows 
m a r k e d  c o llag en  (c) and  e l a s t i c  (e) d ep o s i t io n ,  g r o s s  e d e m a ,  and r e m ­
n a n ts  of o th e r  m e s e n c h y m a l  c e l l s .
(M il lo n ig 's  le a d  t a r t r a t e  and  u ra n y l  a c e ta te ,  32, 500X)
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C a s e  IV, p a te n t  d u c tu s  a r t e r i o s u s ,  a t r e s i a  of a  l e f t  co m m o n  
p u lm o n a ry  ve in , i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t ,  and p u lm o n a ry  h y p e r ­
te n s io n .  T h is  f ig u re  show s a  p o r t io n  of a  s e p ta l  w a ll ,  an  a lv e o la r  
sp a c e  (A) w ith  t r a n s u d a t e ,  and  p a r t  of a  c a p i l l a r y .  The c a p i l l a r y  e n d o ­
th e l iu m  (E) show s v a c u o l iz a t io n  and p r o m in e n t  r ib o s o m e s .  A t the  e l e c ­
t r o n  m ic r o s c o p ic  le v e l ,  i t  is  v e ry  u n u su a l  to  find two e n d o th e l ia l  c e l l  
n u c le i  in  the  s a m e  s e c t io n  of a  c a p i l la r y ;  two such  n u c le i  in  the  s a m e  
a r e a  a r e  in d ic a t iv e  of e n d o th e l ia l  h y p e r p la s i a .  T h is  w as  c o n f i rm e d  a t  
th e  l ig h t  m ic r o s c o p ic  l e v e l  w ith  h i s to c h e m ic a l  and  c y to lo g ic a l  p r e p a r a ­
t io n s .  The c a p i l l a r y  and  a lv e o la r  b a s e m e n t  m e m b r a n e s  a p p e a r  to  be 
e s s e n t i a l ly  n o r m a l .  D e p o s i t io n  of f ib ro u s  e le m e n ts  in  the  p e r i v a s c u ­
l a r  s p a c e  (p) is  n o t  m a r k e d  in  th is  s e c t io n  bu t so m e  e d e m a  is  p r e s e n t .  
(M il lo n ig 's  le a d  t a r t r a t e  and  u ra n y l  a c e ta t e ,  23, 500X)
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C ase  V, co n g en ita l  a o r t i c  s te n o s i s .  T h is  e le c t ro n  m i c r o ­
g ra p h  shows a  p o r t io n  of a  s e p ta l  w all,  p a r t  of a  c a p i l l a r y  and the  a d ­
ja c e n t  a lv e o la r  s p ac e  (A). N ote the  p u lm o n a ry  s u r f a c e  l in ing  fo rm e d  
by the  a t te n u a te d  c y to p la sm  of th e  a lv e o la r  type  I c e l l s .  The  c a p i l la r y  
en d o th e l iu m  (E) show s v a cu o l iza t io n  (v) and  v é s ic u la t io n .  T he  c a p i l ­
l a r y  and a lv e o la r  b a s e m e n t  m e m b r a n e s  do no t a p p e a r  th ic k e n ed  but the  
p e r i v a s c u la r  sp ac e  is t r e m e n d o u s ly  in c r e a s e d  in  w id th  due to  in c r e a s e d  
co llag en  (c) d e p o s i t io n ,  m e s e n c h y m a l  c e l l  r e m n a n ts  and  r e t i c u l a r  f ib e r s .  
(R ey n o ld 's  le a d  c i t r a t e  and u ra n y l  a c e ta te ,  25, 200X)
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C a s e  V, c o n g e n i ta l  a o r t i c  s te n o s i s .  T h is  is  a  s e c t io n  th ro u g h  
a n  e n t i r e  s e p ta l  w a l l  show ing  p o r t io n s  of two c a p i l l a r i e s .  T h e  a lv e o ­
l a r  s p a c e s  (A) a r e  in d ic a te d  fo r  o r ie n ta t io n .  T he  c a p i l l a r y  b a s e m e n t  
m e m b r a n e  is  th ic k e n ed  bu t the  a lv e o la r  b a s e m e n t  m e m b ra n e  is  s t i l l  
q u ite  th in . Two f ib r o b la s t^ l ik e  c e l l s  (m) a r e  s e e n  in  the  p e r i v a s c u l a r  
s p a c e  (p) b e tw een  th e  tw o c a p i l l a r y  w a l ls .  S om e co l la g en  d e p o s i t io n  
i s  s e e n  w ith in  th e  p e r i v a s c u l a r  sp ac e ,  bu t i t  i s  no t a s  p ro n o u n c e d  a s  
in  F ig u r e  14. A b undan t r e t i c u l a r  f ib e r s  ( r )  a r e  o b s e r v e d ,  e s p e c ia l l y  
n e a r  the  c y to p la sm ic  b o r d e r s  o f  th e  f ib r o b la s t - l i k e  c e l l s .
(R eynold 's  lead  c itra te  and uranyl a ceta te , 12, 900X)
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C a s e  V, co ngen ita l  a o r t i c  s te n o s i s .  The e n t i r e  s e p ta l  w all be - 
tw een  the  a d ja c e n t  a lv e o la r  s p a c e s  (A) is  d e p ic ted .  M e se n c h y m a l  ce l l  
r e m n a n ts ,  i n c r e a s e d  c o l la g en  d e p o s i t io n  (c), e l a s t i c  f ib e r s  (e), and 
ed em a  a r e  s e e n  w ith in  the p e r i v a s c u l a r  sp ac e .  An a lv e o l a r  type II c e l l  
(a2) w ith  m ic r o v i l l i  and o s m io p h i l ic  in c lu s io n  b o d ie s  is  p r e s e n t  in the 
lo w e r  le f t  c o r n e r  of the  p la te .  N ote  th a t  the  a t te n u a te d  c y to p la sm ic  p r o ­
c e s s e s  of th e  a lv e o la r  type  I c e l l  do n o t  ex tend  u n d e r  the  a lv e o la r  type 
II c e l l .  T he  a lv e o la r  b a s e m e n t  m e m b r a n e s  a p p e a r  to  be n o r m a l  but b e ­
com e qu ite  a t te n u a te d  u n d e r  th e  a lv e o l a r  type  II c e l l .
(Reynold's lead  c itrate  and uranyl a ceta te ,  17, 500X)
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C a s e  V, c o n g e n i ta l  a o r t i c  s te n o s i s .  T h is  s e c t io n  show s a  m a r k e d  
ly  w idened  p e r i v a s c u l a r  s p a c e  w ith  an  e n c lo s e d  le u c o c y te  (L ). The p e r i ­
v a s c u la r  s p a c e  (p) a l s o  show s e d e m a ,  m e s e n c h y m a l  c e l l  r e m n a n t s  (m) 
and p a tch y  c o l la g e n  d e p o s i t io n .  T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) 
i s  s l ig h t ly  th ic k e n ed .  A s p a c e  (x), ex tend ing  th ro u g h  the  e n d o th e l ia l  c e l l s  
to  th e  c a p i l l a r y  b a s e m e n t  m e m b r a n e ,  c an  be s e e n  in  th e  lo w e r  p o r t io n  of 
th e  f ie ld .  A t te n t io n  i s  c a l l e d  to  the  v a c u o l iz a t io n  (v) w ith in  th e  e n d o th e ­
l i a l  in v e s tm e n t .
(Reynold's lead  c itra te  and uranyl a ce ta te ,  12, 900X)
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C a se  V, co n g en ita l  a o r t i c  s te n o s i s .  T he a lv e o la r  sp a c e  (A) is  
in d ic a te d  in  th e  lo w e r  p o r t io n  of the  m ic r o g r a p h .  A le u c o c y te  w ith  a 
lo b u la ted  n u c le u s  is  s e e n  w ith in  the  p e r i v a s c u l a r  sp ac e .  C o lla g en  (c), 
r e t i c u l a r  f i b e r s ,  and  e la s t i c  f ib e r s  (e) a r e  p ro m in e n t  in  the  a r e a  s u r ­
round ing  the  c a p i l l a r y .  The en d o th e l ia l  in v e s tm e n t  (E) of the  c a p i l l a r y  
is  r e m a r k a b le  in  th a t  a  l a r g e  a r e a  of s e p a r a t io n  is  no ted  w ith in  w hich  
so m e  m a t e r i a l  (x) r e s e m b l in g  c o l la g en  is  s e e n .  The c a p i l l a r y  b a s e ­
m e n t  m e m b r a n e  is  in d is t in c t  in an  a r e a  above  th is  e n d o th e l ia l  s e p a r a ­
tion.
(Reynold's lead  c itra te  and uranyl a ce ta te ,  12,000X )
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C a s e  VI, a c q u i r e d  m i t r a l  s t e n o s i s  w ith  m in im a l  m i t r a l  in s u f f i ­
c ien cy . T he  c e n t r a l  a r e a  of th is  f ig u re  is  o ccu p ied  by a  c a p i l l a r y  l in ed  
w ith  e n d o th e l iu m  (E ). Only s m a l l  a r e a s  of the  a lv e o l a r  s p a c e s  a r e  shown 
a t  th e  p e r i p h e r y  o f  th e  f ie ld .  T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  is  m a r k ­
edly  th ic k e n e d  bu t th e  s e g m e n ts  of a lv e o la r  b a s e m e n t  m e m b r a n e  v is ib le  
in  th is  f ig u r e  a p p e a r  to  be e s s e n t i a l l y  n o r m a l .  In  th e  lo w e r  p o r t io n  of 
th e  f ig u r e ,  th e  p e r i v a s c u l a r  s p a c e  c o n ta in s  a  c e l l  w ith  long c y to p la s m ic  
p r o c e s s e s  an d  c l u s t e r s  of o s m io p h i l ic  in c lu s io n s  cu t in  bo th  c r o s s  and  lo n g ­
itu d in a l  d i r e c t io n s .  In c lu s io n s  n e a r  the  lo w e r  p ic tu r e  m a r g i n  r e s e m b le  
th o s e  f i l l in g  th e  c y to p la sm  of th e  m a s t  c e l l  in  F ig u r e  3. T he  p e r i v a s c u ­
l a r  s p a c e  a l s o  show s i n c r e a s e d  c o l la g e n  (c) d e p o s i t io n  and  a c c u m u la t io n s  
of a m o rp h o u s  m a t e r i a l  w h ich  i s  p ro b a b ly  e l a s t i c  t i s s u e  (e). The  m e s e n ­
c h y m a l  c e l l  (m ) above  th e  c a p i l l a r y  is  p ro b a b ly  a  p e r i c y te .
(R eynold 's  lead  c itra te  and uranyl a ceta te , 17 ,500X )
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C a se  VI, a c q u i r e d  m i t r a l  s te n o s i s  w ith  m in im a l  m i t r a l  in s u f f i ­
c ien cy . The a lv e o la r  and  c a p i l l a r y  b a s e m e n t  m e m b r a n e s  (x) c an  not 
be  d is t in g u ish e d  a s  s e p a r a te  e n t i t ie s  in  so m e  a r e a s  above th e  n u c leu s  
of th e  e n d o th e l ia l  c e l l  l in ing  the  c a p i l l a r y .  T o w ard  the  b o t to m  of the 
f ig u re ,  d e p o s i t io n  of d e l ic a te  r e t i c u l a r  f ib r i l s  a p p e a r  to  s e p a r a t e  the  
a lv e o la r  and  c a p i l l a r y  b a s e m e n t  m e m b r a n e s .  In  th e s e  a r e a s  of s e p a r a ­
t ion , the  a lv e o la r  b a s e m e n t  m e m b r a n e  a p p e a r s  m u c h  th in n e r  th a n  th a t  
of th e  c a p i l la ry .
(Reynold's lead c itra te  and uranyl a ce ta te ,  20, 500X)
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C a s e  VI, a c q u i r e d  m i t r a l  s t e n o s i s  w ith  m in im a l  m i t r a l  in s u f f i ­
c ien cy . T h is  is  a  s e c t io n  th ro u g h  a  co m p le te  s e p ta l  w a l l  show ing the  
a lv e o l a r  s p a c e s  (A) on both  s id e s .  T he  n u c leu s  of a n  a lv e o la r  type  I 
c e l l  (a l) c an  be s e e n  in the lo w e r  r ig h t  c o r n e r  of the  f ig u r e .  N ote  the 
a t te n u a te d  c y to p la s m ic  e x te n s io n s  w hich  f o r m  the  p u lm o n a ry  s u r f a c e  
lin ing . The c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) and  a lv e o l a r  b a s e m e n t  
m e m b r a n e  a r e  c l e a r ly  d e l in e a te d  and  s l ig h t ly  th ic k e n e d .  The p e r i v a s ­
c u la r  sp a c e  (p) i s  w idened  w ith  i n c r e a s e d  c o l la g en  d e p o s i t io n  (c), r e t i ­
c u la r  f i b e r s ,  and  m e s e n c h y m a l  c e l l  d e r iv a t iv e s .
(R eynold 's  lead  c itra te  and uranyl a ceta te ,  23, 500X)
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C a se  VII, a c q u i r e d  m i t r a l  s te n o s i s .  Two c a p i l l a r i e s  (C) a r e  
s e e n  in  the f ig u re  w ith  the  a lv e o la r  sp ac e  (A) a t  th e  r ig h t  m a rg in .
T h e re  is  cop ious  t r a n s u d a te  w ith in  the  a lv e o la r  s p a c e .  The lu m in a  
of the  c a p i l l a r i e s  a r e  l in e d  by an  en d o th e l ia l  in v e s tm e n t  (E) show ing an  
i n c r e a s e  in  w id th  and p ro m in e n t  v a cu o l iza t io n  and  v é s ic u la t io n .  T he  
p e r i v a s c u l a r  sp ace  co n ta in s  a  t r e m e n d o u s  in c r e a s e  of c o l la g en  (c) an d  
m e s e n c h y m a l  c e l l  d e r iv a t iv e s .  The c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) 
is  m a r k e d ly  th ic k e n ed  and  in  one p o r t io n  a  m e s e n c h y m a l  c e l l  r e m n a n t  
(m) a p p e a r s  to  be  em b ed d ed  in the  m a t r ix .  The  a lv e o la r  b a s e m e n t  m e m ­
b ra n e  show s only s l ig h t  th ick e n in g .  The a lv e o l a r  e p i th e l ia l  l a y e r  c o n ­
ta in s  l a r g e  v acu o le s  (v) and  s m a l l  v e s ic le s .
(Reynold's lead c itra te  and uranyl a ceta te , 18 ,000X )
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C a s e  VII, a c q u i r e d  m i t r a l  s t e n o s i s .  T he  a lv e o la r  e p i th e l ia l  
l in ing  a p p e a r s  to  be l o s t  a t  the  r ig h t  m a r g i n  of th e  f ig u re  (x). T he  
t r a n s u d a te  f i l led  a lv e o la r  sp ace  (A) s u p e r f i c i a l l y  r e s e m b l e s  a  c a p i l ­
l a r y ,  p a r t i c u l a r ly  s in ce  i t  co n ta in s  a  r e d  b lood  c e l l ,  t h e r e f o r e ,  the  
c a p i l l a r y  (C) h a s  b e en  in d ic a te d  fo r  p r o p e r  o r ie n ta t io n .  The p e r i v a s ­
c u la r  sp ac e  is  m a r k e d ly  w id en ed  w ith  i n c r e a s e d  c o l la g en  d e p o s i t io n  (c). 
T h e r e  is  a  m e s e n c h y m a l  c e l l  (m ) w ith in  th e  p e r i v a s c u l a r  s p a c e  w h ich  
show s p ro m in e n t  v a c u o liz a t io n  (v). T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  
(cb) is  q u ite  th ic k e n ed  w h e re a s  th e  a lv e o l a r  b a s e m e n t  m e m b r a n e  is  
th in  in  a p p e a ra n c e .
(R eynold 's  lead  c itra te  and uranyl a c e ta te ,  12, 500X)
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C a s e  VII, a c q u i r e d  m i t r a l  s te n o s i s .  At the  lo w e r  r ig h t  m a rg in ,  
a fa t  e m b o l i s m  (F E ) is  d e p ic ted  in  th e  t r a n s u d a te  f i l le d  a lv e o l a r  lu m en  
(A). The c a p i l l a r y  and  a lv e o la r  b a s e m e n t  m e m b r a n e s  b o th  a r e  in c r e a s e d  
in  w idth . I n c r e a s e d  co l la g en  d e p o s i t io n  is  no ted  in the  p e r i v a s c u l a r  sp ac e  
(p). The  c a p i l l a r y  (C) is  l in e d  by en d o th e l ia l  c y to p la sm  w h ich  con ta in s  
n u m e ro u s  v e s ic le s .
(R ey n o ld ’s le a d  c i t r a t e  and  u ra n y l  a c e ta t e ,  18,000X )
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C a s e  VIII, p a te n t  d uc tu s  a r t e r i o s u s  w ith  r e v e r s a l  of flow, and  
p u lm o n a ry  h y p e r te n s io n .  The c y to p la s m  of th e  p u lm o n a ry  s u r f a c e  l i n ­
ing c o n ta in s  m a n y  s m a l l  v e s ic l e s  (x). T he  a lv e o la r  b a s e m e n t  m e m ­
b r a n e  a p p e a r s ,  in  so m e  a r e a s ,  to  fade  in to  th e  p e r i v a s c u l a r  sp ac e  (p). 
H o w e v e r ,  n e i th e r  the  a lv e o la r  b a s e m e n t  m e m b r a n e  n o r  the  c a p i l l a r y  
b a s e m e n t  m e m b r a n e  a p p e a r s  to  be a p p r e c ia b ly  th ick en ed . T he  p e r i v a s ­
c u la r  sp a c e  c o n ta in s  p o r t io n s  of m e s e n c h y m a l  c e l l s  (m) and  show s in ­
c r e a s e d  d e p o s i t io n  of co l la g en  and  r e t i c u l a r  f ib e r s  ( r ) .
(uranyl a ceta te , 24 ,500X )
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C a s e  VIII, p a ten t  d u c tu s  a r t e r i o s u s  with r e v e r s a l  of flow , and  
p u lm o n a ry  h y p e r te n s io n .  T h is  f ig u re  i l l u s t r a t e s  a  ty p ic a l  a lv e o l a r  type  
II c e l l  (a2) w ith  i ts  c h a r a c t e r i s t i c  m i c r o v i l l i  and o sm io p h i l ic  in c lu s io n  
b o d ie s .  I n c r e a s e d  d e p o s i t io n  of c o l la g e n  and  r e t i c u l a r  f i b e r s  in  the 
p e r i v a s c u l a r  s p a c e  (p) is  s t i l l  obv ious  ev en  a t  th is  low  p o w e r  m a g n i f i ­
c a t io n .  M e s e n c h y m a l  c e l l  e le m e n ts  (m) a r e  a l s o  s e e n  in  the  p e r i v a s c u ­
l a r  s p a c e .  T he  c a p i l l a r y  occupy ing  m o s t  o f  the  lo w e r  h a l f  of th e  f ie ld  
c o n ta in s  p o r t io n s  of a  r e d  b lood  c e l l  and a ly m p h o c y te .
(uranyl a ce ta te ,  12.500X)
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C a se  VIII, p a te n t  d u c tu s  a r t e r i o s u s  w ith  r e v e r s a l  of flow , and  
p u lm o n a ry  h y p e r te n s io n .  T h is  f ig u re  is  a  lo n g itu d in a l  sec t io n  th ro u g h  
the  a lv e o la r  - c a p i l l a r y  m e m b r a n e ,  o r i e n te d  so  th a t  the  c a p i l la r y  lu m e n  
(C) and  the  a lv e o la r  s p a c e  (A) occupy  r e s p e c t iv e ly  th e  r ig h t  and  le f t  m a r ­
g ins  of th e  p ag e .  T he  a lv e o la r  sp ac e  c o n ta in s  a  p o r t io n  of a  f r e e  a lv e o ­
l a r  m a c r o p h a g e  w h ich  p o s s e s s e s  m ic r o v i l l i .  A t te n u a ted  c y to p la s m ic  
e x te n s io n s  of the  a lv e o l a r  type  I c e l l s  s e p a r a t e  th e  a lv e o la r  sp ac e  f r o m  
the  d e e p e r  s t r u c t u r e s  of th e  s e p ta l  w a ll .  P o r t i o n s  of two c e l l s  a r e  s e e n  
in the  p e r i v a s c u l a r  s p a c e .  The u p p e r  c e l l  (x) is  a  m a c ro p h a g e  c o n ta in ­
ing an  in g e s te d  r e d  b lood  c e l l .  T he  lo w e r  c e l l  (m) r e s e m b le s  v e r y  c l o s e ­
ly  th e  n u c le a te d  c a p i l l a r y  e n d o th e l ia l  c e l l  (E ) a t  th e  top of the  f ig u r e .  A t ­
te n u a te d  c y to p la s m ic  p r o c e s s e s  of th is  e n d o th e l ia l - l ik e  c e l l  o ften  a p p e a r  
to  f o r m  a  l in ing  fo r  p o r t i o n s  of the  p e r i v a s c u l a r  s p a c e .  I n c r e a s e d  d e ­
p o s i t io n  of co l la g en  a n d  r e t i c u l a r  f i b e r s  o c c u p ie s  m o s t  of the  n o n - c e l l ­
u la r  r e g io n s  of th e  p e r i v a s c u l a r  s p ac e  (p). The  c a p i l l a r y  and a lv e o l a r  
b a s e m e n t  m e m b r a n e s  do n o t  a p p e a r  to  b e  th ic k e n e d .
(uranyl aceta te , 12, 500X)
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F ig u r e  28
C a s e  VIII, p a te n t  d u c tu s  a r t e r i o s u s  w ith  r e v e r s a l  of flow, and 
p u lm o n a ry  h y p e r te n s io n .  T h is  f ig u r e  is  a  lo n g itu d in a l  s e c t io n  th ro u g h  
the  s e p ta l  w a l l  w h ich  i s  s i tu a te d  b e tw ee n  two a d ja c e n t  a lv e o la r  s p a c e s  
(A). A p o r t io n  of an  a lv e o l a r  c a p i l l a r y  (C), con ta in ing  a  le u c o c y te ,  can  
be s e e n  in  th e  s e p ta l  w a l l .  T he  a lv e o l a r  and c a p i l l a r y  b a s e m e n t  m e m ­
b r a n e s  do no t a p p e a r  to  be th ic k e n e d ,  bu t th e  p e r i v a s c u l a r  s p a c e  (p) is  
w idened  m a r k e d ly  and  show s a  d e f in i te  i n c r e a s e  in  c o l la g en  (c) and  
e la s t i c  (e) f ib e r  d e p o s i t io n .  The a lv e o la r  sp ac e  a t  th e  b o tto m  of the  
f ig u re  show s a  s e g m e n t  o f  an  a lv e o l a r  m a c r o p h a g e  (M) w ith  m ic r o v i l l i  
and l a m e l la t e d ,  o sm io p h i l ic  in c lu s io n  b o d ie s ,  so m e  of w h ich  a r e  f r e e  
in th e  a lv e o l a r  lu m e n .
(uranyl a ce ta te ,  13 ,300X )
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F ig u r e  29
C a s e  IX, a c q u i r e d  m i t r a l  s t e n o s i s .  T he  lu m e n  of th e  c a p i l la r y  
(C) i s  in v e s te d  by a n u c le a te d  e n d o th e l ia l  c e l l  and  i t s  c y to p la s m ic  e x ­
t e n s io n s .  T h e  c a p i l l a r y  (cb) and  a lv e o l a r  b a s e m e n t  m e m b r a n e s  a p p e a r  
to  be fu se d  in  so m e  a r e a s  and  a r e  m a r k e d ly  in c r e a s e d  in  w id th . An 
in c r e a s e d  d e p o s i t io n  of r e t i c u l a r  f ib e r s  ( r )  is  o b s e r v e d  w ith in  the  p e r i ­
v a s c u l a r  s p a c e .  T he  e p i th e l ia l  l in ing  of th e  a lv e o l a r  s p a c e  (A) does  not 
a p p e a r  to  be in c r e a s e d  in  w id th .
(R e y n o ld 's  le a d  c i t r a t e  and  u r a n y l  a c e ta t e ,  19 ,800X )
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F ig u r e  30
C a s e  IX, a c q u i r e d  m i t r a l  s t e n o s i s .  M a rk e d  e n d o th e l ia l  (E) 
sw e lling  can  be s e e n  in  th is  f ig u r e .  L a r g e  v a cu o le s  and  n u m e ro u s  
s m a l l  v e s ic l e s  a r e  c l e a r ly  d en o ted  in  th e  e n d o th e l ia l  c y to p la sm .  T he  
d a rk ly  s ta in in g  body (x) is  s e e n  to  h a v e  m a n y  s m a l l  v e s ic l e s  abu tting  
on i t s  s u r f a c e .  The c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) i s  qu ite  th ic k  
and  fine  r e t i c u l a r  f i b e r s  ( r )  a r e  d e p ic te d  in  th e  s u r ro u n d in g  s e p ta l  
sp ac e .
(R ey n o ld 's  le a d  c i t r a t e  and  u ra n y l  a c e ta t e ,  16, 300X)
139
F ig u re  30
140
F i g u r e  31
C a s e  X, a c q u i r e d  in t e r v e n t r i c u l a r  s e p ta l  d e fe c t .  P o r t io n s  of 
two c a p i l l a r i e s  (C) w hich  a p p e a r  to  p r o j e c t  in to  th e  a lv e o la r  sp ace  (A) 
a r e  d e m o n s t r a t e d  in  th is  f ig u r e .  A r e d  b lood c e l l  i s  s e e n  w ith in  the  
a lv e o lu s .  T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) i s  th ic k e n e d  and , in 
so m e  a r e a s ,  fu s e s  in to  the  f i b r i l l a r  m a t e r i a l  w ith in  the p e r i v a s c u l a r  
s p a c e .  T he  a lv e o la r  b a s e m e n t  m e m b r a n e  (ab) is  a l s o  th ick en ed . F in e  
r e t i c u l a r  ( r )  and co l la g en  f ib e r s  a r e  in d ic a ted .  A few  m e s e n c h y m a l  
c e l l  d e r iv a t iv e s  a r e  s e e n  w ith in  th e  p e r i v a s c u l a r  s p a c e .
( u r a n y l  a c e ta t e ,  21, lOOX)
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F ig u r e  32
C ase  X, a c q u i r e d  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t .  U n d e r ly in g  
th e  a lv e o l a r  type  II c e l l  (a2) an  a r e a  of v a c u o l iz a t io n  (X) is  s een .  The 
a lv e o l a r  b a s e m e n t  m e m b r a n e ,  a lthough  m a r k e d ly  a t te n u a te d ,  is  no t 
d i s r u p te d  in  th is  a r e a .  T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb) is  in ­
c r e a s e d  in  w id th . F in e  r e t i c u l a r  f ib e r s  ( r )  and  a  m e s e n c h y m a l  c e l l  
c o m p o n en t (m) a r e  found in  th e  p e r i v a s c u l a r  s p a c e .
(u ra n y l  a c e ta te ,  18, OOOX)
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F i g u r e  33
C a s e  X, a c q u i r e d  i n t e r v e n t r i c u l a r  s e p ta l  d e fec t .  The e n d o ­
th e l ia l  c e l l  l in ing  (E) is  a p p r e c ia b ly  th ic k e n ed  and co n ta in s  m a n y  s m a l l  
v e s ic l e s .  T h e  p e r i v a s c u l a r  s p a c e  (p) co n ta in s  co l la g en  f ib e r s  and m e ­
se n c h y m a l  c o m p o n e n ts ,  one of w h ich  h a s  an  e n c lo se d  fa t in c lu s io n  (F ) .  
T he  e p i th e l ia l  l in ing  of th e  a l v e o l a r  sp ac e  (A) is  not in c r e a s e d  in  w idth . 
(R ey n o ld 's  l e a d  c i t r a t e  and  u r a n y l  a c e ta t e ,  24 ,400X )
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C a s e  XI, c o n g es t iv e  h e a r t  f a i lu r e .  T he  e n d o th e l ia l  (E) c e l l  
l in in g  of th e  c a p i l l a r y  is  w ith in  th e  n o r m a l  r a n g e s  of th ic k n e s s ,  but 
a t te n t io n  is  c a l l e d  to  a  f a t  in c lu s io n  (F ) w ith in  th is  c e l l  l a y e r .  I n ­
c r e a s e d  e l a s t i c  f i b e r s  (e) and  c o l la g e n  f ib e r s  (c) a r e  s e e n - in  th e  p e r i ­
v a s c u l a r  s p a c e .  A m e s e n c h y m a l  c e l l  (m) is  a l s o  d e p ic te d  in  th is  
a r e a .  No u n d e r ly in g  v a c u o l iz a t io n  is  s e e n  b e n e a th  the  a lv e o l a r  type  
II c e l l  (a2) w h ich  f o r m s  p a r t  of the  p u lm o n a ry  s u r f a c e  l in ing  of the  
a lv e o la r  s p a c e  (A).
(R eynold 's  lead  c itra te  and uranyl a ceta te , 16 ,700X )
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F ig u r e  35
C a s e  XI, c o n g e s t iv e  h e a r t  f a i lu r e .  T h is  is  a  s e c t io n  th ro u g h  
a  s e p ta l  w a l l  w ith  a lv e o l a r  s p a c e s  (A) s e e n  on both  s id e s .  T h e r e  is  i n ­
c r e a s e d  e l a s t i c  f ib e r  (e) d e p o s i t io n  and the  e l a s t i c  f ib e r s  th e m s e lv e s  
a r e  v e ry  d a rk ly  s ta in e d  and  a r e  w ithout s h a r p  b o r d e r s .  C o llag en  f ib e r s  
(c) a r e  a l s o  m a r k e d ly  i n c r e a s e d  in  n u m b e r  and  a r e  h eav ily  s ta in e d ,  but 
th e y  c an  be s e p a r a te d  f r o m  the  e l a s t i c  t i s s u e  by th e i r  c h a r a c t e r i s t i c  
p e r io d ic i ty .  A m e s e n c h y m a l  c e l l  co m p o n en t (m) w ith  n u m e ro u s  r i b o ­
s o m e s  is  s e e n  w ith in  the  m a r k e d ly  w idened  p e r i v a s c u l a r  sp a c e .  The 
c a p i l l a r y  (C) is  l in ed  by a th in  l a y e r  of e n d o th e l ia l  c y to p la sm .
(R eynold 's  lead  c itra te  and uranyl a ceta te , 12, 900X)
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F ig u r e  36
C a s e  XII, p u lm o n a ry  f ib r o s i s .  T h is  f ig u re  is  a  low  p o w e r  
m a g n i f ic a t io n  and  i t  d e m o n s t r a t e s  th e  r e m a r k a b le  f ib r o t ic  co n d itio n  
of th e  s e p ta l  w a l l s .  A ll  a lv e o l a r  s p a c e s  (A) and  c a p i l l a r i e s  (C) have  
b e e n  la b e l le d  to  s im p l i fy  o r ie n ta t io n .  G r o s s  c o l la g e n  d e p o s i t io n  w ith  
i n c r e a s e d  c e l l u l a r  c o m p o n en ts  a r e  ev id en t .  The th in  a r e a  la b e l le d  
w ith  a  d a s h  ( - )  i s  an  a lv e o l a r  lu m e n  w h ich  h a s  b e en  cu t ta n g e n t ia l ly ,  
( W a tso n 's  le a d  h y d ro x id e ,  lO.OOOX)
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F ig u r e  37
C a s e  XII, p u lm o n a ry  f ib r o s i s .  T h is  a r e a  shows a  n o r m a l  c o n ­
f ig u ra t io n  of th e  a l v e o l a r - c a p i l l a r y  m e m b ra n e .  I n c r e a s e d  r e t i c u l a r  ( r )  
and co l la g en o u s  f ib e r s  a r e  w ith in  the  p e r i v a s c u l a r  sp ace  (p). T he  a lv e o ­
l a r  and c a p i l l a r y  b a s e m e n t  m e m b r a n e s  a r e  q u ite  n a r r o w  and  w e ll  d e l in e a t ­
ed. A l a r g e  m e s e n c h y m a l  type  c e l l  (m) h a s ,  in  so m e  of i t s  c y to p la s m ic  
b o r d e r s ,  f ine  f i b r i l l a r  e le m e n ts  w hich  r e s e m b le  r e t i c u l a r  f i b r i l s .  A n 
a lv e o la r  type  II c e l l  (a2) is  s i tu a te d  above an  a r e a  of v a c u o l iz a t io n  w h ich  
co n ta in s  th e  m ic r o v i l l i  of th e  a lv e o la r  c e l l .  T h e  a lv e o l a r  b a s e m e n t  m e m ­
b ra n e  i s  e x t r e m e ly  th in  and  even  a p p e a r s  to  be  lo s t  in  one a r e a  of th is  
v a cu o la te d  s p a c e .  T h is  a p p a r e n t  lo s s  of th e  a lv e o l a r  b a s e m e n t  m e m ­
b ra n e  cou ld  p o s s ib ly  be due  to  a r t i f a c t  o r  to  low  m ag n if ic a t io n .
(W atson's lead  hydroxide, 13, 300X)
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F ig u r e  38
C a s e  XII, p u lm o n a ry  f i b r o s i s .  A c e l l  w h ich  c lo s e ly  r e s e m b le s  
a  m o n o cy te  o c c u p ie s  the  c e n te r  of th e  f ig u r e .  T he  c y to p la sm  co n ta in s  
n u m e r o u s  r ib o s o m e s  and  a  w e ll  d e l in e a te d  G olg i a p p a r a tu s  (g). A m e ­
s e n c h y m a l  c e l l  c o m p o n en t  (m ), con ta in in g  r ib o s o m e s ,  m i to c h o n d r ia  and  
a  fa t in c lu s io n ,  i s  s e e n  n e a r  the  r ig h t  m a r g in .  T he  a r e a s  la b e l le d  by 
(X) a r e  s e e n  to  c o n ta in  c r o s s  and  lo n g i tu d in a l  s e c t io n s  of co llag en . T h is  
c o l la g e n  is  v e ry  l ig h t ly  s ta in e d  but th e  c h a r a c t e r i s t i c  p e r io d ic i ty  is  e v i ­
den t.
(W a tso n 's  le a d  h y d ro x id e ,  19, 200X)
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F ig u r e  39
C a s e  XII, p u lm o n a ry  f ib r o s i s .  In  the  le f t  u p p e r  p o r t io n  of the 
f ig u r e ,  a  l a r g e  p a le  s ta in in g  ar_ea can  be see n .  The w h ite  " h o le s "  in  
th is  r e g io n  a r e  c r o s s  s e c t io n s  of co llag en  f ib r i l s  (c). T h is  c an  be v e r i ­
f ie d  by c o m p a r in g  th is  a r e a  to  a  s i m i l a r  a r e a  in  F ig u r e  38. Two c e l l s  
occupy  m o s t  of the  c e n t r a l  p o r t io n  of th is  f ig u re  (x) and (y). One of 
th e  c e l l s  (y) h a s  a  d e n se ly  la y e r e d ,  rough  e n d o p la sm ic  r e t ic u lu m  and  
ab u n d an t m ito c h o n d r ia .  I t  is  p ro b a b ly  a  p la s m a  ce l l .  T he  o th e r  c e l l  
(x) h a s  a  ro u g h  e n d o p la sm ic  r e t i c u lu m  and  m i to c h o n d r ia ,  but the  m e m ­
b r a n e s  a r e  no t c lo se ly  p a c k e d  and  th e  in te rv e n in g  a r e a s  have  a  f ine ly  
r e t i c u l a t e d  a p p e a ra n c e .
(W atson's lead  hydroxide, 13, 300X)
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C a s e  XIII, c o n g e n i ta l  m i t r a l  s t e n o s i s .  A p o r t io n  of a  r e d  
b lood  c e l l  i s  s e e n  in  th e  c a p i l l a r y  lu m e n  (C). A n e n d o th e l ia l  c e l l  n u ­
c le u s  (E) an d -û ts .c y to p la s m ic  e x te n s io n s  in v e s t  th e  c a p i l l a r y .  A m a r k ­
ed  i n c r e a s e  in  w id th  i s  s e e n  in  the  c a p i l l a r y  b a s e m e n t  m e m b r a n e  (cb). 
F in e  r e t i c u l a r  f i b e r s  and  m e s e n c h y m a l  c e l l  co m p o n en ts  (m ) a r e  o b ­
s e r v e d  in  the  p e r i v a s c u l a r  sp a c e .  T he p e r i v a s c u l a r  s p a c e  is  g r e a t ly  
w idened . V a c u o l iz a t io n  i s  no ted  in  the  m e s e n c h y m a l  c e l l  co m p o n en t ,  
( u ra n y l  a c e t a t e ,  25 ,2 0 0 X )
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F ig u r e  41
C a s e  XIII, c o n g en ita l  m i t r a l  s te n o s i s .  T he  a lv e o la r  type  I 
e p i th e l iu m  lin ing  the  a lv e o l a r  sp a c e  (A) show s p ro m in e n t  v a cu o l iza t io n  
(v). B oth  b a s e m e n t  m e m b r a n e s  a p p e a r  fu se d ,  but in  so m e  a r e a s  c o l l a ­
gen  and  r e t i c u l a r  f i b r i l s  a r e  no ted  in  th e  p e r i v a s c u l a r  sp a c e  (p). The 
c a p i l l a r y  e n d o th e l iu m  is  no t m a r k e d ly  in c r e a s e d  in w idth.
(u ra n y l  a c e ta te  and  v a n a d a to m o ly b d a te , 29, 400X)
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C a s e  XIII, c o n g en i ta l  m i t r a l  s t e n o s i s .  A t r e m e n d o u s  w id e n ­
ing of th e  p e r i v a s c u l a r  sp ace  (p) is  show n in  th is  f ig u re .  T h e r e  i s  in ­
c r e a s e d  c o l la g en  (c) and  r e t i c u l a r  ( r )  f i b e r  d e p o s i t io n  w h ich  fu se d  in to  
th e  a lv e o l a r  b a s e m e n t  m e m b ra n e .  T he  c a p i l l a r y  b a s e m e n t  m e m b r a n e  
(cb) is  m a r k e d ly  th ic k e n ed .  The a lv e o l a r  type  II  c e l l  (a2) show s v a c u ­
o l iz a t io n  and the  c h a r a c t e r i s t i c  o s m io p h i l ic  in c lu s io n s ,  bu t the  m i c r o ­
v i l l i  a r e  no t p ro m in e n t .
(u ra n y l  a c e ta t e  and  v an ad a to m o ly b d a te ,  21, 700X)
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C ase  XIII, c o n g en ita l  m i t r a l  s te n o s i s .  T h is  is  an  a r e a  th ro u g h  
a sep ta l  w a ll .  In  the  u p p e r  p o r t io n  of the  f ig u r e ,  an  a lv e o la r  type  II 
ce l l  (a2) can  be s e e n  w h ich  c o n ta in s  v a c u o le s ,  an  in c lu s io n  body, and 
n u m e ro u s  m ic r o v i l l i .  T he  a lv e o l a r  b a s e m e n t  m e m b r a n e  fu se s  into 
"p o c k e ts "  w hich  co n ta in  c o l la g e n  (c) and  r e t i c u l a r  ( r )  f ib e r s .  A m e ­
se n c h y m a l  c e l l  co m p o n en t (m) r e s t s  in  the  p e r i v a s c u l a r  sp ac e .  N u m e r ­
ous s m a l l  v e s ic l e s  a r e  s e e n  in  the  a lv e o la r  type  I l in ing  of the  a lv eo lu s  
(A).
(uranyl acetate ,  29 .400X)
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Figure  43
1 6 6
Figure  44
C a s e  I ,  p u lm o n a ry  s t e n o s i s .  The  r e t i c u l a r  f ib e r s  a r e  v e ry  
f ine  and a r e  no t e a s i ly  d is t in g u is h e d  in  the  a lv e o l a r  w a l ls .  (G o m o r i 's  
r e t i c u lu m  - s a f r a n in  0, 64X)
F ig u r e  45
C a s e  I, p u lm o n a ry  s te n o s i s .  The a lv e o l a r  s e p ta  show d e l ic a te  
s t r a n d s  of co l la g en .  T he  c o l la g e n  is  m o r e  in te n s e ly  s ta in e d  in  th e  i n t e r ­
lo b u la r  a r e a .  M any  f r e e  a lv e o l a r  m a c r o p h a g e s  a r e  p r e s e n t .  (Koneff 
s ta in ,  82X)
F ig u r e  46
C a s e  II, i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t ,  le f t  s u p e r io r  vena  c av a ,  
and  p u lm o n a ry  h y p e r te n s io n .  T h e  a lv e o la r  s e p ta l  w a l ls  show a d e f in i te  
i n c r e a s e  in  r e t i c u l a r  f ib e r  d e p o s i t io n  an d  a p p e a r  m u c h  th ic k e r  th an  th o s e  
in  F ig u r e  44. ( G o m o r i 's  r e t i c u lu m  - s a f r a n in  0, 64X)
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F ig u r e  44
F ig u r e  45
Figure  46
1 6 8
Figure  47
C a se  IV, a t r e s i a  of a  le f t  co m m o n  p u lm o n a ry  ve in , p a te n t  d u c ­
tu s  a r t e r i o s u s ,  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t  and  p u lm o n a ry  h y p e r t e n ­
sion . I n c r e a s e d  c o l la g en  f ib e r s  and c e l l s  a r e  d e p ic te d  in  the  a lv e o la r  
w a l ls .  T h e re  is  a l s o  an  abundance  of f r e e  a lv e o l a r  m a c r o p h a g e s  in  the  
a lv e o la r  s p a c e s .  (M a sso n  t r i c h r o m e ,  64X)
F ig u r e  48
C a se  IV, a t r e s i a  of a  le f t  co m m o n  p u lm o n a ry  ve in , p a te n t  d u c ­
tu s  a r t e r i o s u s ,  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t  and  p u lm o n a ry  h y p e r t e n ­
s ion . A m a r k e d  in c r e a s e  of r e t i c u l a r  f ib e r s  is  e v id en t  in  th is  f ig u re .
T he  c a p i l l a r i e s  a r e  p a r t i c u l a r l y  w e l l  in v e s te d  w ith  a  r e t i c u l a r  n e tw o rk .  
(G o m o r i 's  r e t i c u lu m  - s a f r a n in  0, 64X) ~
F ig u r e  49
C a se  IV, a t r e s i a  of a  le f t  co m m o n  p u lm o n a ry  ve in , p a te n t  d u c ­
tu s  a r t e r i o s u s ,  i n t e r v e n t r i c u l a r  s e p ta l  d e fe c t  and  p u lm o n a ry  h y p e r t e n ­
sion . T h is  p r e p a r a t i o n  show s in te n s e ly  s ta in in g  c o l la g en  abou t the  c a p i l ­
l a r i e s ,  w h e r e a s ,  the  i n c r e a s e d  co l la g en  w ith in  the  s e p ta l  w a l ls  h av e  a  d e l i ­
c a te ,  p a le - s t a in in g  a p p e a ra n c e .  T he  s e p ta l  w a l l s  a r e  e x te n s iv e ly  w id e n ­
ed. (Koneff s ta in ,  64X)
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F ig u r e  47
F ig u r e  48
F igu re  49
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Figure  50
C a s e  V, s e v e r e  a o r t i c  s t e n o s i s .  A tte n t io n  is  c a l le d  to  the  
c e l lu la r i ty  e v id en t  in  th e  a lv e o la r  w a l ls .  A " la y e r in g "  e f fe c t  is  n o ted  
in  so m e  a r e a s  in  w h ich  th e  c e l l s  a p p e a r  p u sh ed  to  the  a lv e o la r  s u r f a c e s .  
T he  in te rv e n in g  a r e a  is  c l e a r  and th is  is  s u g g e s t iv e  of an  e d e m a to u s  
cond ition  in  th e s e  a r e a s .  (G a l lo c y a n in -c h ro m e  a lu m , 64X)
F ig u r e  51
C a s e  VI, a c q u i r e d  m i t r a l  s t e n o s i s .  The a lv e o la r  s e p ta  show 
so m e  a r e a s  of e x te n s iv e  co l la g en  d e p o s i t io n .  T he  c a p i l l a r i e s  a p p e a r  
qu ite  h y p e r e m ic .  (M a ss o n  t r i c h r o m e ,  64X)
F ig u r e  52
C a s e  VI, a c q u i r e d  m i t r a l  s t e n o s i s .  The r e t i c u l a r  f ib e r s  a r e  
p a r t i c u l a r l y  ab u n d an t abou t th e  v e s s e l  and  a r e  a l s o  e a s i ly  o b s e r v e d  w i th ­
in  the  a lv e o la r  w a l l s .  (G o m o r i 's  r e t i c u lu m  - s a f r a n in  0, 64X)
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F ig u r e  51
Figure  52
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Fig u r e  53
C a se  VII, a c q u i r e d  m i t r a l  s t e n o s i s .  T h e  a lv e o l a r  s p a c e s  a r e  
f i l le d  w ith  cop ious t r a n s u d a te .  N u m e ro u s  v a c u o le s  a r e  p r e s e n t .  A m a r k ­
ed  in c r e a s e  of co llag en o u s  f i b e r s  is  n o ted  in  the  a lv e o l a r  s ep ta .  A tten tio n  
is  c a l le d  to  th e  v e s s e l  in w h ich  e x te n s iv e  f ib r o s i s  had  m a r k e d ly  c o m p r o ­
m is e d  the  lu m e n .  (Koneff s ta in ,  82X)
F i g u r e  54
C a se  VII, a c q u i r e d  m i t r a l  s te n o s i s .  T h e  a lv e o l a r  w a l ls  a r e  e x ­
te n s iv e ly  la d e n  w ith  e la s t ic  t i s s u e  and  a p p e a r s  to  be th ic k e n ed .  (O rc e in -  
f a s t  g r e e n ,  64X)
F ig u r e  55
C a se  VII, a c q u i r e d  m i t r a l  s te n o s i s .  T h is  c a s e  a l s o  h a s  a  m a r k e d  
r e t i c u l a r  f ib e r  i n c r e a s e  in  th e  s e p ta l  w a l l s .  T h e  r e t i c u l a r  f ib e r s  f r o m  a 
v e r y  d e n s e  n e tw o rk  in  so m e  a r e a s .  ( G o m o r i 's  r e t i c u lu m  - s a f r a n in  0, 
82X)
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F ig u r e  56
C a se  IX, a c q u i r e d  m i t r a l  s t e n o s i s .  E x te n s iv e  r e t i c u l a r  f ib e r  
d e p o s i t io n  is no ted  th ro u g h o u t  th e  a lv e o la r  w a l ls .  A tte n t io n  is  c a l le d  
to the  c a p i l l a r i e s  w h ich  a r e  w e ll  in v e s te d  w ith  r e t i c u l a r  f ib e r s .  ( G o m o r i 's  
r e t ic u lu m  - s a f r a n in  0, 64X)
F ig u r e  57
C a se  IX, a c q u i r e d  m i t r a l  s t e n o s i s .  The b lood v e s s e l  a t  the  
r ig h t  b o r d e r  show s m a r k e d  f i b r o s i s  of the  tu n ica  e x te r n a  and so m e  su b -  
en d o th e l ia l  th ick en in g . The s e p ta l  w a l l s  a r e  v e ry  th ic k  and  a  d e f in i te  
i n c r e a s e  of co l la g en  f ib e r s  and c e l l s  i s  no ted . (M a sso n  t r i c h r o m e ,
64X)
F i g u r e  58
C ase  IX, a c q u i r e d  m i t r a l  s t e n o s i s .  T he  e la s t i c  t i s s u e  d e p o s i ­
t io n  w as in c r e a s e d  in  th is  c a s e .  T he  a lv e o la r  w a l ls  a p p e a r  to  be th ic k e n ­
ed m a rk e d ly .  ( O r c e in  - f a s t  g r e e n ,  64X)
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F ig u r e  56
F ig u r e  57
Figu re  58
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F igu re  59
C a s e  X, a c q u i r e d  in t e r v e n t r i c u l a r  s e p ta l  d e fe c t .  The a lv e o la r  
w a lls  a r e  i n c r e a s e d  in  w id th  th ro u g h o u t  m o s t  of the f ie ld . T h e r e  is  a  
m o d e r a te  i n c r e a s e  of r e t i c u l a r  f ib e r s  in  the  a lv e o la r  w a l l s .  ( G o m o r i 's  
r e t i c u lu m  - s a f r a n in  0, 64X) —
F ig u r e  60
C a s e  X, a c q u i r e d  in t e r v e n t r i c u l a r  s e p ta l  d e fe c t .  T h is  is  a 
s e c t io n  th ro u g h  an in te r lo b u la r  s e p tu m  w ith  s u r ro u n d in g  a lv e o l i .  A t t e n ­
t io n  is  c a l l e d  to  the  cub o id a l  l in in g  e p i th e l iu m  a long th e  s e p tu m  and , in  
so m e  a r e a s ,  on the  a lv e o la r  w a l l s .  T he  c o llag en  only a p p e a r s  s ta in e d  
in the  in te r lo b u la r  s ep tu m . (K oneff s ta in ,  64X)
F ig u r e  61
C a s e  XI, c o n g e s t iv e  h e a r t  f a i lu r e .  In  th is  p r e p a r a t io n ,  the  
e l a s t i c  t i s s u e  w as  only  m in im a l ly  in c r e a s e d .  H o w e v e r ,  a t  the  u l t r a -  
s t r u c t u r a l  le v e l ,  t h e r e  w as  a  d e f in i te  e l a s t i c  t i s s u e  i n c r e a s e .  A tte n t io n  
is  c a l le d  to  th e  v e r y  " sm u d g y "  a p p e a r a n c e  of the  e l a s t i c  f i b e r s .  T hey  
a r e  no t c l e a r ly  d e f in ed  in  th is  p r e p a r a t i o n .  (O rc e in  - f a s t  g r e e n ,  64X)
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Figure  62
C a s e  XI, c o n g es t iv e  h e a r t  f a i lu re .  E v e n  though  the  a lv e o la r  
w a l ls  do n o t  a p p e a r  m a r k e d ly  in c r e a s e d  in  w id th , i t  is  a p p a r e n t  th a t  
m o s t  of the  com p o n en t p r e s e n t  w ith in  th e  w a ll  is  c o l lag en .  (M a sso n  
t r i c h r o m e ,  64X)
F ig u r e  63
C a se  XIII, co n g en i ta l  m i t r a l  s t e n o s i s .  T he  r e t i c u l a r  f ib e r s  
a r e  m a rk e d ly  i n c r e a s e d  and  a p p e a r  c lo s e ly  in te rw o v e n .  ( G o m o r i 's  
r e t i c u lu m  - s a f r a n in  0, 64X)
F ig u r e  64
C a se  XIII, c o n g en ita l  m i t r a l  s t e n o s i s .  T he  d a r k e r  s ta in in g  
c e l l s  fo r m e d  the  l in ing  e p i th e l ia l  l a y e r ,  w h e r e a s  th e  c e l l s  w ith  l ig h t ,  
s t ip p le d  c h ro m a t in  m a t e r i a l  w e r e  the  c e l l s  n o ted  in  th e  s e p ta l  w a l ls  
and  f r e e  in  the  a lv e o l a r  s p a c e s .  The in c r e a s e d  c e l l u la r i ty  n o te d  a t  th e  
u l t r a s t r u c t u r a l  le v e l  fo r  th is  c a s e  is  c l e a r ly  e v id en t  h e r e .  ( T u rc h in i ,  82X)
F ig u r e  65
C a s e  XIII, c o n g en i ta l  m i t r a l  s t e n o s i s .  In  th is  r e p ro d u c t io n ,  
th e  a r e a s  of p o s i t iv e  s ta in in g  fo r  e l a s t i c  f i b e r s  a r e  n o t  w e ll  s ee n .  E v e n  
though  th e  f ib e r  c o n ten t  w as  n o t  in c r e a s e d ,  i t  w as  s e e n  w ith in  th e  a lv e o ­
l a r  w a l ls .  (O rc e in -  f a s t  g r e e n ,  64X)
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Figure  65

